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Fell. Coll. of Phys. of Phila. 3426 Powelton Ave., Philadelphia. 

Brumbaugh, Hon. Martin Grove, M.E., D.Sc., A.M., Ph.D., LL.D., D.Litt. 

Gov. of Pennsylvania (1915-19). Formerly Sup’t of Public 

Schools, Phila.; Mem. Nat. Ed. Assoc. 254 W. Walnut Lane, Ger- 

mantown. : 

Brush, Charles Francis, M.E., M.S., Ph.D., Sc.D., LL.D. Fell. Am. Acad. 

Arts and Sci.; Mem. Am. Soc. of Mech. Eng., Am. Inst. Elec. Eng., 

Nat. Elec. Light Assoc., Am. Chem. Soc., Am. Phys. Soc., Am. 

Geograph. Soc., Brit. Assoc. of Mech. Eng., Roy. Soc. of Arts. 

Medals—Rumford (1899), Edison (1913). 481 The Arcade, Cleve- 

land, O. 

Bryant, Henry G., M.A., LL.B. Mem. Geog. Soc. of Phila. (Pres’t), 

Am. Alpine Club (Past-Pres’t) ; Fell. Roy. Geog. Soc.; Hon. Mem. 

French Alpine Club, Corr. Mem. Geog. Soc. of Geneva, Anthrop. and 

Geog. Soc. of Stockholm; Appalachian Mt. Club, Officier de l’Acadé- 

mie (France). Flanders Bldg., 15th and Walnut Sts., Philadelphia. 

Bumpus, Hermon Carey, Ph.D., Sc.D., LL.D. Past-Pres’t of Tufts Col- 

lege. Mem. Am. Morphol. Soc. (Past-Pres’t), Am. Soc. Zool., Am. 

Soc. Naturalists, N. Y. Acad. Sci.; Fell, Am. Acad. Arts and Sci., 

Oest. Fisch. Gesell. (Vienna); Corr. Mem. Senckenberg. Natur- 

forsch. Gesell. Waban, Mass. 

Cadwalader, John, A.M., LL.D. Pres’t Acad. of Nat. Sci. of Philada. 

263 S. Fourth St., Philadelphia. 

Calkins, Gary Nathan, B.S., Ph.D. Prof. of Protozoology, Columbia 

Univ. (1908- ); Fellow of the N. Y. Zoolog. Soe.; Mem. Nat. 

1916 

1914 

1898 

1895 

1908 

I9IO 

1808 « 

1909 

1899 

1920 



- 
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Acad. of Sci., Am. Soc. of Nat., Am. Soc. of Zool., Am. Soc. for 

_Caneer—Research (Pres’t, 1916-17), Soc. Exp. Biol. and Med. 
(Pres’t, 1919). Columbia University, New York City. 

Calvert, Philip Powell, Ph.D. Prof. of Zoology, Univ. of Penna. 

(1912— ). Editor of Ent. News (1911-date). Mem. Am. Ent. Soc. 

(Pres’t, 1899-1915), Ent. Soc. of Am. (Pres’t, 1914), Am. Soc. of 

Zool., Am. Soc. of Nat., Ecol. Soc. of Am.; Fell. A. A. A. S. 

P.O. Box 14, Cheyney, Pa. 

Campbell, Douglas Houghton, Ph.D. Prof. of Botany, Stanford Univ. 

Mem. Am. Botan. Soc. (Past-Pres’t), Nat. Acad. Sci.; Fell. Am. 

Acad. Arts and Sci., For. Mem. Linnean Soc., Deut. Botan. Gesell., 

Royal Soc. Edin., Internat. Botanical Soc. Leland Stanford Uni- 
_ versity, Cal. 

Campbell, William Wallace, M.S., Sc.D., LL.D. Director of Lick Obs., 

Univ. of Calif. Mem. Nat. Acad. Sci., A. A. A. S. (Past-Pres’t), 

Am. Astron. Soc., Astron. Soc. of Pacific; Fell. Am. Acad. Arts and 

Sci., For. Assoc. Royal Astron. Soc. Lond.; For. Mem. Royal Soc. 

of Lond., Soc. Spettros. Ital.. Astron. Gesell., Montpellier Acad. des 

Sci., Soc. Roy. des Sci. a4 Upsal, K. Svenska Vetenskaps Akad. 

(Stockholm), R. Acad. de Cien. Madrid, Hon. Fell. Royal Astron. 

Soc. Canada, Hon. Mem. Russian Astron. Soc., Royal Instit. Lond., 

Calif. Acad. of Sci., For. Mem. Royal Soc. Lond., Correspondant de 

l'Institut de France, For. Hon. Mem. Royal Soc. of Edin. Medals— 

Lalande (Acad. des Sci. Paris, 1903); Royal Astron. Soc. (1905) ; 

Draper (Nat. Acad. Sci. 1906); Janssen (Acad. de Sci. Paris, 

1910); Bruce (Astron. Soc. of Pacific, 1915). Lick Observatory, 

Mt. Hamilton, Cal. 

Cannon, Walter Bradford, A.M., M.D., C.B. Prof. Phys., Harvard Univ. 

Mem. Nat. Acad. Sci. Am. Physiol. Soc. (Past-Pres’t), Soc. for 

_ Exper. Biol and Med., Am. Psych. Assoc.; Fell. Am. Acad. Arts and 

Sci. Harvard Medical School, Boston, Mass. 

Capps, Hon. Edward, Ph.D., LL.D. Prof. of Classics, Princeton Univ. 

Fell. Am. Acad. Arts and Sci.; Mem. Am. Philol. Assoc. (Pres’t, 

1914-15). Am. Assoc. Univ. Prof. (Pres’t 1920) ; Am. Red Cross 

Comm’r to Greece (1918-19) ; U. S. Minister to Greece (1920-21) ; 

Medals—Grand Cross Order of Redeemer (1919); Pour le Merite, 

Greece (1919). Princeton, N. J. 

Carrel, Alexis, M.D., Sc.D. Mer. Rockefeller Inst. for Med. Research; 

Fell. Am. Surg. Assoc., Nobel Laureate, Medicine (1912); Com- 

mander Legion of Honor (1917). For. Assoc. Acad. de Med. 

de Paris. Rockefeller Institute for Medical Research, 66th St. and 

Avenue A, New York. 

1918 

1910 

1903 

1908 

1920 

1909 
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Carson, Hampton Lawrence, M.A., LL.D. Attorney-General of Pennsyl- 

vania (1903-07), Professor of Law in Univ. of Penna., Chancellor of 

Law Assoc. of Phila., Mem. Penna. State Bar Assoc. (Past-Pres’t), 

Am. Bar Assoc. (Pres’t, 1920-21), Historical Soc: of Penna. (Pres'’t, 

I921- ), Swedish Colonial Soc. 1524 Chestnut St., Philadelphia. - 

Carty, John J., Dr.Eng., D.Sc., LL.D. Vice-Pres’t in charge of Devel- 

opment and Research, Amer. Telephone and Telegraph Co. Mem. 

Nat. Acad. of Sci., Nat. Research Council, Am. Phys. Soc., N. Y. 

Elec. Soc. (Past-Pres’t.); Fell. Am. Acad. Arts and Sci, N. Y. 

Acad. of Sci. Am. Inst. of Elec. Eng. (Pres’t, 1915-16) ; Trustee 
Carnegie Inst. of Wash. Medals—Longstreth (1903), Franklin 

(Franklin Inst., 1916), Edison (A. I. E. E., 1918); Distinguished 

Service U. S. (1919). 195 Broadway, New York City. 

Castle, William Ernest, A.M., Ph.D. Prof. Zool., Harvard Univ. Mem. 

Nat. Acad. Sci., Boston Soc. Nat. Hist.; Fell. Am, Acad. Arts and 
Sci. 186 Payson Road, Belmont, Mass. 

Castner, Samuel, Jr. 3729 Chestnut St., Philadelphia. 

Cattell, James McKeen, A.M., Ph.D., LL.D. Mem. Nat. Acad. Sci., N. 

Y. Acad. Sci. (Past-Pres’t), Am. Psychol. Assoc. (Past-Pres’t), 
Am. Soc. Naturalists ’.(Past-Pres’t). Garrison-on-Hudson, N. Y. 

Chamberlin, Thomas Chrowder, Ph.D., Sc.D., LL.D. Emerit. Prof. of Ge- 

ology, Univ. of Chicago, Consulting Geologist U. S. Geol. Surv., 

Research Assoc. Carnegie Inst. of Wash. Mem. Nat. Acad. Sci.; 

Fell. Am. Acad. Arts and Sci., A. A. A. S. (Pres’t, 1908), Chicago 

Acad. of Sci. (Pres’t, 1898-1914), Illinois Acad. Sci. (Pres’t, 1907), 
Geol. Soc. of Am. (Pres’t, 1895). Medals—Paris Expos., 1878, 1893; 

Helen Culver (Chicago Geog. Soc., 1910). Rosenwald Hall, Univer- 

sity of Chicago, Chicago, Ill. 

Chance, Henry Martyn, C.E., M.D. Mem. Mining and Metal. Soc. Am. 

(Pres’t, 1913). 837 Drexel Bldg., Philadelphia. 

Chandler, Charles Frederick, A.M., Ph.D., LL.D. Professor of Chemis- 

try, Columbia University. Mem. Nat. Acad. Sci. Am. Chem Soc. 

(Pres’t, 1881-89), Brit. Soc. Chem. Indust. (Pres’t, 1899), Chem. 

Soc. Lond., Deut. Chem. Gesell., Soc. Chim. de France, N. Y. Acad. 

Sci., Am. Inst. Elec. Eng., Am. Soc. Mining Eng. 51 East 54th 

St., New York City. 

Chapman, Frank Michler, Sc.D. Curator, Am.Mus. of Nat. Hist. Mem. 

Nat. Acad. of Sci., Linnean Soc. of N. Y. (Pres’t, 1897) ; Fell. Am. 

Ornith. Union (Pres’t, 1911) ; Hon. Mem. Brit. Ornith. Union, N. Y. 

Zoolog. Soc., Soc. Ornitol. del Plata. Medals—Linnean (N. Y., 1913), 

Election 

1880 

1921 

1910 

1887 

1888 

1905 

1880 

1875 

1921 

J 
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Elliott (N.Y.-Acad. of Sci., 1918). American Museum of Natural 

History, New York City. 

Cheyney, Edward Potts, A.M., LL.D. Prof. European History, Univ. 

Penna. Mem. Am. Hist. Assoc. 259 S. 44th St., Philadelphia. 

Chittenden, Russell H. Ph.D., LL.D. Sc.D. Prof. Physiol. Chem., 
Sheffield Scientific School, Yale Univ. Mem. Nat. Acad. Sci., Am. 

Physiolog. Soc. (Past-Pres’t), Am. Soc. Biolog. Chemists (Past- 

Pres’t), Am. Soc. of Naturalists (Past-Pres’t); Fell. Am. Acad. 
_Arts and Sci. 83 Trumbull St., New Haven, Conn. 

Clarke, Frank Wigglesworth, S.B., D.Sc., LL.D. Chief Chemist U. S. 

Geol. Survey, Hon. Curator of Minerals U. S. Nat. Mus. Mem. 

Nat. Acad. Sci., Am. Chem. Soc. (Pres’t, 1901), Philos. Soc. Wash. 

(Pres’t, 1896), Washington Acad. Sci. (Pres’t, 1912); Hon. V.-P. 

of Internat. Chemical Congresses at Paris, Berlin and N. Y.; Corr. 

Mem. Edinburgh Geol. Soc., Geol. Soc. Lond., Brit. Assoc. Adv. Sci.; 

Hon. Mem. Mineralog. Soc. Lond., Chem. Soc. Lond., Manchester Lit. 
and Philos. Soc., Imp. Soc. Naturalists, Moscow, Russian Mineral- 

ogical Soc. Medal—Wilde, Manchester (1903). U. S. Geological 
Survey, Washington, D. C. 

Clarke, John Mason, M.A., Ph.D., Sc.D., LL.D. State Geologist, Director 

of Department of Science and State Museum, New York. Mem. 

Nat. Acad. Sci., Geol. Soc. Am. (Past-Pres’t), The Paleontological 

Soc. (Past-Pres’t) ; Fell. Am. Acad. Arts and Sci. Medal—Hayden 

(Acad. Nat. Sci., Phila.); Gold (Permanent Wild Life Protect. 

Fund, N. Y.); Spindiaroff Prize (Internat. Geol. Cong.). Albany, 

N.Y. : 

Clay, Albert T., A.M., Ph.D., LL.D., Litt.D. Prof. Assyr. and Babylonian 

Lit. and Curator of Babylonian Coll., Yale Univ. Mem. Am. Orient. 

Soc., Soc. of Biblical Lit. and Exegesis, Vorderasiatischen Gesell. 

401 Humphrey St., New Haven, Conn. 

Collitz, Hermann, A.M., Ph.D., L.H.D. Prof. Germanic Philol., Johns 

Hopkins Univ. Mem. Am. Orient. Soc., Am. Philol. Soc., Modern 

Lang. Assoc. of Am., Soc. for Advanc. of Scandinavian Study, 

Verein fiir Niederdeutsche Sprach., Deut. Morgenland. Gesell., 

Litanische Literat. Gesell. 1027 N. Calvert St., Baltimore, Md. 

Comstock, John Henry, B.S. Prof. Emeritus Entomology and Gen. Inv. 

Zool., Cornell Univ. Fell. Entomolog. Soc. of Am. (Past-Pres’t) ; 

Hon. Mem. Calif. Acad. Sci., Ent. Soc. of Ont., Soc. Ent. de Bel- 

gique, Mem. Soc. Ent. de France; Hon. Fell. Ent. Soc. Lond. 123 

Roberts Place, Ithaca, N. Y. 

1904 

1904 

1904 

IQII 

IQI2 

1902 

1913 
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Conklin, Edwin Grant, Ph.D., Sc.D. Prof. Biology, Princeton Univ. 

Mem. Nat. Acad. Sci., Am. Soc. Nat. (Pres’t, 1912), Am. Soc. Zool. 

(Pres’t, 1899) ; Fell. Am. Acad. Arts and Sci.; Hon. Mem. Soc. Roy. 

Zool. et Malacol. de Belgique. Princeton, N. J. 

Coulter, John Merle, A.M., Ph.D. Prof. and Head of Dept. of Botany, 

Univ. Chicago. Mem. Nat. Acad. Sci., Am. Ass. Adv. Sci. (Pres’t, 

1918), Am. Bot. Soc. (Pres’t, 1897-08, 1915-16), Illinois Acad. Sci. 

(Pres’t, 1910), Chicago Acad. Sci. (Pres’t, 1915) ; Fell. Am. Acad. 
Arts and Sci., Corr. Fell. Bot. Soc. of Edin.; For. Mem. Lin- 

nean Soc. Lond. University of Chicago, Chicago, IIl. 

Councilman, William Thomas, A.M., M.D., LL.D. Prof. Pathology, Har- 

vard Univ. (1892- ), Ass’t Prof. of Anatomy, Johns Hopkins 

Univ. (1888-92).’ Mem. Nat. Acad. of Sci.. Am. Acad. Arts and 

Sci. 78 Bay State Road, Boston, Mass. : 

Crane, Thomas Frederick, A.M., Litt.D. Prof. Emeritus of Romance 

Languages and Literature, Cornell Univ. Mem. Royal Acad. Sci. 

and Arts, Palermo, Italy. Jthaca, N. Y. 

Crew, Henry, Ph.D. Prof. Physics, Northwestern Univ. (1892-date). 

Fell. Am. Acad. Arts and Sci.; Mem. Nat. Acad. of Sci., Am. Phys. 

Soc. (Pres’t, 1909-10) ; For. Assoc. R. Accad. di Sci. Let. ed Arti 

di Padova. Science Hall, Evanston, Illinois. 

Crile, George W., A.M., M.D., Ph.D., LL.D. Prof. Surgery, Western Re- 

serve Univ. Fell. Am. Ass. Adv. Sci., Am. Coll. Surgeons, Am. 

Surg. Assoc.; Mem. Assoc. Path. and Bact., Soc..Exper. Biol. and 

Med., Am. Physiof. Soc., Soc. Clin. Surg., Hon. F. R. C. S. (Eng- 
land). Medal—Alvarenga Prize (Coll. of Phys. of Phila.) ; Cart- 

wright Prize (Columbia Univ.) ; Senn Prize (Am. Med. Assoc.). 
Euclid Ave. at 93d St., Cleveland, O.. 

Cross, Whitman, B.S., Ph.D. Geologist U. S. Geological Surv. Mem. 

Nat. Acad. Sci., Geol. Soc. Washington; Fell. Geol. Soc. Am.; For. 

Assoc. Geol. Soc. London. 2138 Bancroft Place, Washington, D. C. 

Culin, Stewart. Curator of Ethnology, Brooklyn Inst. Mus. Corr. 

Mem. Real Acad. de la Historia, Royal Italian Anthrop. Soc., Sven- 

ska Sallskapet for Antrop. och Geog. Brooklyn Institute Museum, 

Brooklyn, N. Y. 

Curtis, Heber Doust, A.M., Ph.D. Astronomer of Lick Obs. (1910-20), 

Director of Allegheny Obs. (1920- ). Mem. Nat. Acad. Sci., 

Astron. Soc. of Pacific (Pres’t, 1912), Astron. Soc. of Am., Am. Op- 

tical Soc. Allegheny Observatory, N. S. Pittsburgh, Pa. 

1897 

1915 

1918 

1877 

1921 

1912 

IQI5 

1897 

1920 
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DaCosta, John C 5; M.D. Prof. of Surgery, Jefferson Med. Coll. 

a. Fell. Coll. Phys., Phila.; Mem. Am. Surg. Assoc. 2045 Wal- 

nut St., Philadelphia. 

Dahlgren, Ulric, A.B., M.S. Prof. of Biology, Princeton Univ. Mem. 

Am. Soc. of Nat., Am. Soc. of Zool., Am. Assoc. of Anatomists. 

Medal—Potts (Franklin Inst., 1918). Princeton, N. J. . 

Dall, William Healey, A.M., D.Sc., LL.D. Geologist and Paleontologist 

U. S. Geological Surv. Hon. Prof. Invert. Paleont., Wagner Inst. 

of Sci., Phila. Hon. Curator of Mollusks, U. S. Nat. Museum. 

Mem. Nat. Acad. Sci., Boston Soc. Nat. Hist., Chicago Acad. Sci., 

Philos. Soc. Wash. (Pres’t, 1894), Biolog. Soc. Wash. (Pres’t, 1888- 

80); Fell. Am. Acad. Arts and Sci.; For. Mem. Zoolog.-Bot. 

Gesell. in’ Wien, Corr. Mem. Geog. Gesell. Bremen, Gesell. fiir Erd- 

kunde, Berlin, Svenska Sallsk. fiir Antrop. och Geog. Stockholm, 

Soc. Zoolog. de France, Geolog. Soc. Lond., Naturforsch. Gesell., 

Leipzig. Smithsonian Institution, Washington, D. C. 

Daly, Reginald Aldworth, A.M., Ph.D. Prof. of Geology, Harvard Univ. 

Mem. Geolog. Soc. Am., Seismological Soc. Am.; Fell. Am. Acad. 

Arts and Sci., For. Hon. Fell. Royal Soc. of Edin. 23 Hawthorn St., 

Ci ambridge, Mass. 

Dana, Edward S. -Prof. Emeritus of Physics, Yale Univ. Mem. Nat. 

Acad. Sci.; Fell. Am. Acad. Arts and Sci.; Editor-in-chief of the 

Am. Jl. Sci. Yale University, New Haven, Conn. 

Davenport, Charles Benedict, S.B., Ph.D. Director of Station for Exp. 

Evolution and of Eugenics Record Office, Carnegie Inst. of Wash- 

ington, Cold Spring Harbor, N. Y. Mem. Nat. Acad. Sci., Am. 

Zool. Soc. (Past-Pres’t), Am. Soc. of Naturalists (Past-Pres’t), 

Eugenics Research Assoc. (Past-Pres’t), Galton Soc. (Pres’t) ; 

Fell. Am. Acad. Arts and Sci.; Corr. Mem. Belgian Acad. Arts and 

Sci. Cold Spring Harbor, Long Island, N. Y. 

Davis, Bradley Moore, A.M., Ph.D. Prof. Botany, Univ. of Mich. 

Fell. Am. Acad. Arts and Sci.; Mem. Am. Soc. Naturalists, Bot. 

Soc. Am. Botanical Laboratory, University of Michigan, Ann 

Arbor, Mich. 

Davis, William Morris, S.D., Ph.D. Prof. Emeritus Geology, Harvard 

Univ. Fell. Amer. Acad. Arts ard Sci.; Mem. Nat. Acad. Sci., Geol. 

Soc. of Am. (Pres’t, 1911), Hon. Mem. Geographical Societies of 

Berlin, Vienna, Madrid, Rome, Budapest, Leipzig, Greifswald, Frank- 

fort, Amsterdam, Geneva, Netichatel, New York; Corr. Mem. Acad. 

Sci. New York, Berlin, Paris, Christiania, Stockholm, and of 

Election 

1904 

1919 

1897 

1913 

1806 

1907 

1914 

1899 
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Geographical Societies of London, Paris, Munich, Petrograd, and of 

Geol. Soc. of London. Medals—Culver of Geograph. Soc. of 

Chicago (1913) ; Kane of Geograph. Soc. of Phila. (1913) ; Hayden 

of Acad. Nat. Sci. of Phila.; Patron of Roy. Geograph. Soc. of 

London (1919). 32 Hawthorn St., Cambridge, Mass. 

Day, Arthur L., Ph.D., Sc.D. Director of Geophys. Lab., Carnegie Inst. of 

Washington. Fell. Am. Acad. Arts and Sci.; Mem. Nat. Acad. Sci., 

Geol. Soc. Am., Am. Phys. Soc., Am. Chem. Soe Washington Acad. 

Sci., Philos. Soc. Wash. (Past-Pres’t), Deut. Physikal. Gesell, 

Deut. Bunsen Gesell.. Hon. Mem. Acad. di Sci., Let. ed Arti degli 
Zelanti (Acireale, Italy). Geophysical Laboratory, Washington, 

DiGi 

_ * Dercum, Francis X., A:M., M.D., Ph.D. Prof. Nervous and Mental Dis., 

Jefferson Med. Coll., Phila. Fell. Coll. Phys. Phila.; Mem. Phila. 

Neurol. Soc. (Pres’t), Phila. Psychiatric Soc. (Past-Pres’t), Am. 

Neurol. Soc. (Past-Pres’t), Roy. Medical Soc., Budapest, Corr. Mem. 
Neurol. and Psychiat. Soc., Vienna, For. Corr. Mem. Neurolog. Soc., 

Paris. 1719 Walnut St., Philadelphia. 

Dewey, John, Ph.D., LL.D. Professor of Philosophy, Columbia Univer- 

sity. Mem. Nat. Acad. Sci., Am. Psych. Assoc. (Past-Pres’t), Am. 

Soc. Naturalists. Columbia University, New York City. 

Dickson, Leonard Eugene, A.M., Ph.D. Prof. of Mathematics, Univ. of 

Chicago (1910- ). Editor of Transactions of Am. Math. Soc. 

(1910-17); Fell. A. A. A. S.; Mem. Nat. Acad. of Sci. Nat. Re- 

search Council, Am. Math. Soc. (Pres’t, 1917-19). University of 

Chicago, Chicago, Illinois. . 

Dolley, Charles S., M.D. 326 River St., Chicago, IIl. 

Donaldson, Henry Herbert, A.B., Ph.D., D.Sc. Prof. Neurology, Wistar 

Inst. of Anat. and Biol., Phila. Mem. Nat. Acad. Sci., Am. Psy- 
chol. Assoc., Am. Neurol. Assoc., Am. Physiol. Soc., Am. Soc, Natur- 

alists, Am. Assoc. Anat. (Past-Pres’t), For. Corr. Mem. R. Inst. 

Lombardo di Sci. e Let. Milano. Wistar Institute, 36th St. and 

Woodland Ave., Philadelphia. 

Dougherty, Thomas Harvey, B.S. West School nes Germantown, 

Philadelphia. 

Draper, Daniel, M.E., Ph.D. Late Director, New York Meteorological 

Obs., Central Park. Hastings-on-Hudson, N. Y. 

Duane, Russell, A.B., LL.B. Formerly Junior Counsel for the U. S. in 

Behring Sea Arbitration. 1617 Land Title Bldg., Philadelphia. 

1912 

1892 

1911 

1886 

1906 ° 

1899 

1880 
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Duane, William, A.M., Ph.D. Prof. of Biophysics, Harvard Univ., Re- 
search position, Univ. of Paris, France. Mem. Nat. Research Coun- 

cil, Am. Phys. Soc., Soc. Frangaise de Physique. “Harvard Univer- 

sity Medical School, Boston, Mass. 

Duggar, Benjamin Minge, A.M., Ph.D. Research Prof. Plant Physiology, 

Missouri Botanical Garden and Washington Univ., Acting Prof. of 

Biol. Chemistry, Washington Univ. School of Med. Fell. A. A. A. 

S.; Mem. Botan. Soc. of Amer. (V.-P., 1912-14), Amer. Phytopath. 
Soc., Amer. Soc. of Biol. Chemists, Soc. for Exper. Biology and 

Med., St. Louis Acad. of Sci. (V.-P., 1915-20). Missouri Botan- 

ical Garden, St. Louis, Mo. 

du Pont, Hon. Henry Algernon. U. S. Senator (1905-1917) ; Mem. Mil- 

itary Service Inst., Am. Geograph. Soc., Huguenot Societies of 

America and of South Carolina, New York Geneal. and Biog. Soc., 

_New England Hist. and Geneal. Soc. Medal—Congressional Medal 

of Honor for distinguished services in“battle at Cedar Creek, Va. 

Winterthur, Delaware. 

du Pont, Pierre Samuel, B.S. Chairman of the Board, E. I. dt Pont 
de Nemours & Co.; President, General Motors Corporation. di 

Pont Bldg., Wilmington, Delaware. 

Durand, William Frederick, Ph.D. Prof. Mech. Eng., Leland Stanford 

Jr. Univ. Mem. Nat. Acad. Sci.. Am. Soc. Mechan. Eng., Am. Soc. 

of Naval Architects and Marine Eng., Am. Soc. Naval Eng., Soc. 

Tech. Maritime, Assoc. Mem. Am. Inst. Elect. Eng. Medal—Gold, 

Am. Soc. Naval Eng. Stanford University, California. 

East, Edward Murray, M.S., Ph.D. Prof. Exp. Plant Morphology, Har- 

vard Univ. Fell. Am. Acad. Arts and Sci., A. A. A. S., Am. Soc. 

Naturalists (Past-Pres’t), Bot. Soc. Amer. Bussey Institution, 

Jamaica Plain, Boston, Mass. 

Eckfeldt, Jacob B. Assayer, U. S. Mint. Mem. Am. Chem. Soc. U. S. 

Mint, Philadelphia. 

Edsall, David Linn, A.B., M.D., S.D. Prof. Clin. Med., Harvard Univ. 

Fell. Am. Acad. Arts and Sci., Mem. Assoc. Am. Phys. Massachu- 

setts General Hospital, Boston, Mass. j 

- Eigenmann, Carl H., A.M., Ph.D. Dean of Grad. School, and Prof. of 

Zool., Indiana Univ. Mem. Ind. Acad. Sci. (Past-Pres’t), Am. Micr. 

Soc. (Past-Pres’t), Am. Soce Naturalists, Wash. Acad. Sci., Inst. 

de la Salle, Bogota. Bloomington, Ind. 

Eisenhart, Luther Pfahler, A.B., Ph.D: Prof. Math. Princeton Univ. 

Mem. Am. Math. Soc. 25 Alexander St., Princeton, N. J. 

1920 

1921 

1894 

1917 

1917 

1916 

1880 

1906 

1917 
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Eliot, Charles William, A.M., M.D., Ph.D., LL.D. Pres’t Emeritus of Har- 
vard Univ. Fell. Am. Acad. Arts and Sci., Mem. Mass. Hist. Soc.. 

Corr. Mem. Acad. Moral and Polit. Sci. (Inst. de France), British 

Acad. 17 Fresh Pond Parkway, Cambridge, Mass. 

Emerson, Benjamin Kendall, A.M., Ph.D. Prof. Emeritus Geol. and 

Mineral., Amherst Coll. Fell. Am. Acad. Arts and Sci.; Mem. Geol. 

Soc. Am. (Past-Pres’t), Am. Geog. Soc., Wash. Acad. Sci., Deut. 

Geol. Gesell. Amherst, Mass. 

Emerson, Rollins Adams, D.Sc., LL.D. Prof. of Plant Breeding Cor- 

nell Univ. (1914- ~—*+d)?«z.:s Feil. A. A. A. S.; Mem. Am. Soc. of Nat- 
uralists, Botan. Soc. of Am., Am. Genetic Assoc. Cornell Univer- 

sity, Ithaca, N. Y. 

Emmet, William LeRoy, Sc.D. Engineer, General Electric Co, Mem. 

Am. Inst. Elect. Eng., Am. Soc. Mech. Eng., Am. Soc. Naval Eng., 

Naval Consulting Board. Medals—St. Louis Expos. for Vertical 

Shaft Turbine; San Francisco Expos. for Electric Ship Propulsion ; 

Edison Medal for 1919. Care of General Electric Co., Schenectady, 

WN. i* 

Ewell, Marshall Davis, A.M., M.D., LL.D. Mem. Am. Microscop. Soc. 

(Past-Pres’t), Am. Phys. Soc.; Fell. R. Microscop.’Soc. (Lond.), 

Hon. Fell. Chicago Acad. Med.; Hon. Mem. N. Y. Medico-Legal 

Soc. 749 Tate Ave., Memphis, Tenn. 

Barth, William Curtis, A.M., Ph.D., Sc.D. Curator, Museum of Univ. of 

Penna. (1913-date); Teacher of Anthropology, Harvard Univ. 

(1903-13). Fell. A. A. A. S.; Mem. Am. Anthrop. Assoc. (Pres’t, 

1921), Anthrop. Soc. of Paris, Hon. Mem. Am. Geog. Soc., Faculty 

of Sciences, San Marcos, Lima, Peru, Corr. Mem. Nat. Acad. Hist., 

Ecuador. Medals—Gold of Harvard Travellers Club (1910); E. K. 

Kane of Phila. Geog. Soc. (1916), Explorers Club (1916). Univer- 

sity Museum, Philadelphia, Pa. 

Field, Robert Patterson. The Normandie, 36th and Chestnut Sts., 

Philadelphia. 

Fine, Henry Burchard, A.M., Ph.D., LL.D. Prof. Math., Princeton Univ. 

Mem. Am. Math. Soc. (Pres’t, ro1I-— na) Library Place, Princeton, 

N. J. 

Finley, John Huston, M.A., LL.D., L.H.D. Pres’t of Univ. of State of f 

New York, and Comm. of Education (1943-21). Harvard Univ. Ex. 

Prof. at the Sorbonne, Paris (1910-11). Mem. Nat. Inst. of Arts 

and Letters; Nat. Inst. of Social Sci.; V.-P. of League to Enforce 

Peace. Medals—Nat. Inst. of Soc. Sci. (1914) ; Order of the Rising 

1871 

1897 

1922 

1898 

1895 

1919 

1890 

ae 

1919 
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Sun _ Qapan)— and’ of the Legion of Honor; Chevalier of the 

—Crown of Italy (1916) ; Knight of Holy Ccecihihets (1918). Care of 
New York Times, New York City. 

Fisher, Sydney George, B.A., Litt.D., LL.D. 688 Drexel Bldg., Phila- 1807 

< delphia. 

Flexner, Simon, M.D., D.Sc., LL.D. Dir. of Laboratories, Rockefeller 1901 

Inst. for Med. Research, N. Y. Fell. Am. Acad. Arts and Sci., N. 

Y. Acad. Med.; Mem. Nat. Acad. Sci., Assoc. of Am. Phys. (Past- 

Pres’t), Soc. Exper. Biology and Med. (Past-Pres’t), Am. Assoc. 

of Path. and Bact., Am. Assoc. Adv. Sci. (Pres’t, 1920), Cong. Am. 

Phys. and Surgeons (Pres’t, 1919), Corr. Mem. Medico-Chi. Soc. of 

Bologna, Soc. Path. Exotique, Imp. Inst. of Experiment. Therapy 

_ (Frankfort a/M), Acad. of Med., Paris, Bataafsch Genootschap 

der Proefondervindelijke Wijsbegeerte of Rotterdam, Acad. of Med., 

Caracas, For. Mem. Swedish Med. Soc., Royal Soc. of London, 

Assoc. Mem. Soc. de Biol., Paris, Soc. Royale des Sci. Med. et 
Nat. of Brussels, Soc. Belge de Biologie, Hon. For. Mem. Acad. 

Roy. de Med. de Bruxelles. Rockefeller Institute for Medical Re- 

search, 66th St. and Ave. A, New York City. 

Forbes, Stephen Alfred, Ph.D., LL.D. Prof. Zool. (1884-1909) and of 1919 

Ent. (1909-date), Univ. of Illinois; Director of Ill. State Lab. of 

Nat. Hist. (1877-1917) ; Ill. State Entomologist (1882-1917) ; Chief 

of Nat. Hist. Survey of Illinois (1917-date). Mem. Nat. Acad. of 

Sci., Entomolog. Soc, of Am. (Pres’t. 1912), Am. Assoc. of Economic 

Entomol. (Pres’t, 1893, 1898), Soc. of: Am. Naturalists, Wash. Acad. 

of Sci., Soc. Entomologique de France. Medal—tist cl. of Soc. 

d’Acclimat. de France (1888). Natural History Bldg., Univ. of 

Illinois, Urbana, Illinois. 

Ford, Worthington Chauncey, A.M., Litt.D., LL.D. Editor of the Mass. 1922 

Historical Soc. (1909- ); Chief of Div. of Mss. Library of 

Congress (1902-09); Lecturer on Historical Mss. Harvard Univ. 

(1910- ); Fell. Am. Acad. of Arts & Sci., Am. Inst. of Arts & 

Letters, Mem. Am. Hist. Assoc. (Pres’t 1917), Royal Hist. Soc., 

Internat. Statistical Soc., Royal Statistical Soc. 1154 Boylston 

Street, Boston (17) Mass. 

Francke, Kuno, Ph.D., Litt.D., LL.D. Prof. Emeritus of History of 1904 

German Culture, and Honorary Curator of Germanic Mus., Harvard 

Univ. Fell. Am. Acad. Arts and Sci. Cambridge, Mass.” 

Franklin, Edward Curtis, B.S., M.S., Ph.D. Prof. Org. Chemistry, Stan- 1912 

ford Univ. Mem. Wash. Acad. Sci., Calif. Acad. Sci., Kansas Acad. 

Sci., Nat. Acad. Sci.. Am. Chem. Soc. Stanford University, Cal. 
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Frazier, Charles Harrison, B.A., M.D., Sc.D. Prof.‘Surg., Univ. of 1905 

Penna. Mem. Am. Surg. Assoc., Am. Neurolog. Assoc., Soc. Clin. 

Surg. 3600 Walnut St., Philadelpma. 

Frost, Edwin Brant, A.M., D.Sc. (Cantab.). Prof. Astrophysics and Dir. 1909 

of Yerkes Obs., Univ. of Chicago. Mem. Nat. Acad. Sci., Astron. 

Gesell., For. Assoc. R. Astron.-Soc., Lond., For. Mem. Soc. Spettros. 

Ital., Hon. Mem. R. Astron. Soc. of Can.; Fell. Am. Acad. Arts and 

Sci. Yerkes Observatory, Williams Bay, Wis. 

Fullerton, George S., M.A., B.D., Ph.D., LL.D. Prof. Philosophy, Colum- 1890 

bia Univ., New York; Hon. Prof. Univ. Vienna. Mem. Am. Psy- 
cholog. Assoc. (Past-Pres’t). C/o Crédit Suisse, Geneva, Switzer- 

land. 

Furness, Horace Howard, Jr., A.B., Litt.D. Mem. Am. Inst. Arts and 1807 

Letters; Fell. Am. Acad. Arts and Sci. 2034 DeLancey Place, Phil- 

adelphia. ° 

Gates, Merrill Edwards, A.M., Ph.D., LL.D., L.H.D. Pres’t Rutgers Col- 18890 

lege (1882-90); Pres’t Amherst College (1890-09). Mem. U. S. 
Board Indian Commissioners since 1884. 1309 Rhode Island Ave., * 

Washington, D. C. 

Gest, Hon. John Marshall, A.M., LL.B. Judge of Orphans’ Court of 1921 

Phila. since 1911. Chairman Legislative Comm. to Codify and Re- 

vise the Law of Decedents’ Estates, 1915-17. Vice-Provost Law 

Acad. of Phila. Mem. Am. Bar Assoc, Room 542, City Hall, Phila- 

delphia. 

Gies, William John, Ph.D., Sc.D. Prof. of Biol. Chem., Columbia Univ. 1915 

Mem. Soc. Exper. Biol. and Med., Am. Soc. Biol. Chem., Am. Chem. 
Soc., Am. Physiol. Soc., Deut. Chem. Gesell., N.Y. Acad. Sci. 

Columbia University, New York City. 

Gildersleeve, Basil Lanneau, Ph.D., LL.D., Litt.D. Prof. of Greek, Johns 1903 

Hopkins Univ. Hon. Mem. Cambridge Philol. Soc., Philol. Syllogos 

of Constantinople, Archaeolog. Soc. Athens, Soc. for Promotion of 

Hellenic Studies; Corr. Fell. British Acad., Fell. Am. Acad. Arts 

and Sci. zoo2 N. Calvert St., Baltimore, Md. 

Goethals, George Washington, LL.D. Major-General U. S. A. (Re- 10913 

tired). Chief Engineer, Panama Canal, 1907-14, Ist Civil Gov., — 

Panama Canal Zone, 1914-16. Received thanks of Congress, 1015, 

for “distinguished service in constructing Panama Canal”; Comdr. 

Legion of Honor (France) ; Fell. Am. Acad. Arts and Sci. Medals— 

Nat. Geog. Soc., Nat. Inst. Social Sci. 4o Wall St., New York City. 

Gomberg, Moses, B.S., Sc.D. Prof. of Chemistry, Univ. of Michigan 1920 

(1904-date); Major U. S. A., Ord. Dept. (1918). Mem. Nat. 
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Acad. of Sci., Am: Chem. Soc.; Fell. A. A. A. S. Medal—Nichols, 
~Am. Chem. Soc. (1914). 725 Oxford-Road, Ann Arbor, Michigan. 

Gooch, Frank Austin, A.M., Ph.D. Prof. Chem. and Dir. of Kent Chem. 

Lab.; Emeritus since 1918, Yale Univ. Fell. Am. Acad. Arts and 

Sci.; Mem. Nat. Acad. Sci., N. Y. Acad. Sci., Am. Chem. Soc. 291 
Edwards St., New Haven, Conn. 

Goodale, George Lincoln, A.M., M.D., LL.D. Prof. Emeritus of Botany, 

Harvard Univ. Fell. Am. Acad. Arts and Sci., N. Y. Acad. Sci.; 

Mem. A. A. A. S. (Pres’t, r900-01), Nat. Acad. Sci., Calif. Acad. 

Sci., Bost. Soc. of Nat. Hist. rat: Pres’t), Col. Soc. of Mass. 

Cambridge, Mass. 

Goodnow, Frank Johnson, A.M., LL.D. Pres’t, Johns Hopkins Univ. 

(1914-date) ; Prof. of Administrative Law, Columbia Univ. (1903+ 

14).; Legal Adviser to the Gov’t of the Chinese Republic (1913- 

16). Mem. Am. Pol. Sci. Assoc. (Past-Pres’t). Johns Hopkins 

University, Baltimore, Md. 

< 

Goodspeed, Arthur Willis, A.B., Ph.D. Prof. Physics and Dir. of Phys. 

Lab., Univ. of Penna. Mem. N. H. Antig. Soc. (Pres’t), Am. Phys. 

Soc., Am. Roentgen Ray Soc. (Past-Pres’t), Soc. of Arts, Lond., 

Soc. Fran. de Phys. Medal—Franklin (Boston, 1880). University 
of Pennsylvania, Philadelphia. 

Goodwin, Harold, A.M., LL.B. Mem. Am. Acad. Pol. and Soc. Sci. 

3927 Locust St., Philadelphia. 

_ Gordon, George Byron, Sc.D. Director of Museum, Univ. of Penna. 

University Museum, 33d and Spruce Sts., Philadelphia. 

Gray, Hon. George, A.M., LL.D. U.S. Senator (1885-09). Mem. Paris 

Peace Comm. (1898), Permanent Court of Internat. Arbitration, 

Judge U. S. Circuit Court (1899-1914), American-Mexican Joint 

Comm. (1916). Wilmington, Del. 

Greeley, Adolphus Washington. Major-General U. S. A. (1891) (re- 

tired 1906). Center Conway, N. H. 

Greenman, Milton J., Ph.B., M.D., Sc.D. Dir. of Wistar Inst. of Anat. 

Fell. Coll. Phys., Phila., Phila. Neurolog. Soc., Am. Assoc. of Anat., 

Hon. Mem. Sociedad Citbana de Historia Natural “Felipe Poey.” 

3618 Woodland Ave., Philadelphia. 

Griffith, J. P. Crozer, A.B., M.D., Ph.D. Prof. of Pediatrics, Univ. of 

- Penna. Mem. Assoc. Am. Phys., Am. Pediatric Soc. (Past-Pres’t), 

Corr. Mem. Soc. de Pediatrie de Paris. 1810 Spruce St., Philadel- 

phia. 

1907 

1893 

1920 

1806 

1892 

1910 

1900 

1904 

1899 

1907 
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Hadley, Arthur Twining, M.A., Ph.D., LL.D. Late Pres’t, Yale Univ.; 1902 

Tr. Carnegie Fund for Adv. of Teaching. Mem. Intern. Inst. of 

Statistics, Am. Economic Assoc. (Pres’t, 1898-1900), Am. Acad. Arts 

and Letters, Corr. Mem. Col. Soc. of Mass.; Fell. Am. Acad. Arts 

and Sci., Corr. Fell. Brit. Acad. Medal—Paris Expos. (1889) for 

Advancement of Knowledge of Railroad Economics. 93 Whitney 

Ave., New Haven, Conn. 

Hale, George Ellery, Sc.D., Ph.D., LL.D. Director of Mt. Wilson Obs., 1902 

Carnegie Inst. of Washington, Pasadena, Cal. For. Assoc. Inst. de 

France, Soc. Italiana delle Scienze, For. Mem. Royal Soc., Lond., 

Accad. dei Lincei (Rome), Amsterdam Acad. Sci., Vienna Acad. 

Sci., Copenhagen Acad. Sci., Royal Soc. Edinburgh, Cambridge Phil. 

Soc., Soc. Ital. delle Scienze, Royal Soc., Upsala, Accad. Gioena, 

Catania, Soc. degli Spettros. Ital., Royal Inst.-Gt. Brit., Physical Soc., 

Lond.; For. Assoc. Roy. Astron. Soc.; Mem. Nat. Acad. Sci., Hon. 

Mem. N. Y. Acad. of Sci., Astron. and Astrophys. Soc. of Am.; Fell. 

Am. Acad. Arts and Sci. Medals—Janssen, Paris Acad. Sci. (1894) ; 

Rumford (1902); Draper (1903); Gold, Roy. Astron. Soc. (1904) ; 

Bruce (1916) ; Astron. Soc. de France (1917) ; Actonian Prize, Royal 

Inst. of Gt. Brit. (1921). Observatory Office, Pasadena, Calif. 

Hall, Lyman Beecher, A.B., Ph.D. Prof. Chem. Emeritus, Haverford 

College. Mem. Am. Chem. Soc., Deut. Chem. Gesell. Haverford 

College, Haverford, Pa. 

Harper, Robert A., M.A., Ph.D. Prof. Botany, Columbia Univ. Mem. 

Nat. Acad. Sci, Bot. Soc. Am. (Pres’t), Deut. Botan. Gesell., Phy- 

topath. Soc. Am.; Fell. Am. Acad. Arts and Sei. Columbia Univer- 

sity, New York City. 

Harrison, Charles Custis, A.M., LL.D. Ex-Provost of Univ. of Penna. 

400 Chestnut St., Philadelphia. 

Harrison, Ross G., M.A., Ph.D., M.D. Prof. Comp. Anat., Yale Univ. 

Mem. Nat. Acad. Sci.. Am. Soc. Naturalists (Pres’t, 1912-13), Am. 

Assoc. Anat. (Pres’t, 1911-13), Am. Soc. Zool., Am. Physiol. Soc., 

Anat. Gesell., Inst. Internat. d’Embryol. Medal—Rainer (K. K. 

Zoolog. Botan. Gesell. of Vienna, 1914). Osborn Zoological Labora- 

tory, Yale University, New Haven, Conn. 

Harshberger, John W., A.B., B.S., Ph.D. Prof. Botany, Univ. of Penna. 

Fell. Am. Geog. Soc.; Mem. Botan. Soc. of Am., Ecological Soc. of 

Am. 4839 Walton Ave., Philadelphia. 

Haskins, Charles Homer, A.M., Ph.D., Litt.D., LL.D. Prof. of Hist. 

(1902-12) ; Gurney Prof. of Hist. and Pol. Sci. (1912- ), Harvard 

Univ.; Chief of Div. of Western Europe Am. Comm. to Negotiate 

1909 

1895 

1913 

1906 

1921 
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_ Peace, Paris (1919). Fell. Am. Acad. Arts and Sci.; Mem. Mass. 
Hist. Soc., Am. Hist. Assoc. (V.-P., 1919-21), Am. Council of 

Learned Societies (Chairman, 1920), Corr. Mem. Acad. des Inscript. 

et Belles-Lettres, and of the Académies of Rouen, Caen, and Bar- 

celona, of the Roy. Hist. Soc., and of the Soc. des Antig. de Nor- 

mandie; Commander of the Order of the Crown of Belgium; Chev. 

de la Légion d’Honneur. 53 Francis Ave., Cambridge, Mass. 

Hastings, Charles S., Ph.D. Prof. Emerit. Physics, Sheffield Sci. School, 

Yale Univ. Mem. Nat. Acad. Sci. Am. Phys. Soc. 248 Bradley 

St., New Haven, Conn. 

Haupt, Lewis M., A.M., Sc.D., LL.D. Mem. Am. Soc. Civil Eng., Am. 

Soc. de Geog. Medals—Magellanic Premium (A. P. S., 1887) ; Paris 

Expos. (1900) ; St. Louis Expos. (1904) ; Elliott Cresson (Franklin 

Inst, 1901). Cynwyd, Pa. 

Haupt, Paul, M.A., Ph.D., LL.D. Prof. Semitic Lang., Johns Hopkins 

Univ. Mem. Am. Orient. Soc. (Pres’t, 1913-14), Soc. of Biblical 

Lit. and Exegesis (Pres’t, 1905-06), Deut. Morgenland. Gesell., Deut. 

Orient Gesell., Vorderasiatische Gesell. 215 Longwood Road, Balti- 

more, Md. 

Hawk, Philip Bovier, M.S., Ph.D. Prof. Phys. Chem. and Tox., Jeffer- 

son Med. Coll., Phila) Mem. Am. Chem. Soc., Am. Physiol. Soc., 
Am. Soc. Biol. Chem., Soc. for Exp. Biol. and Med., Wash. Acad. 

Sci. Jefferson Medical College, Philadelphia. 

Hayford, John F., C.E. Dir. Coll. of Eng., Northwestern Univ. Mem. 

_ Nat. Acad. Sci., Am. Astron. Soc., Am. Soc. of Civil Eng., Western 
» Soc. of Eng. College of Bpgmcering, Northwestern University, 

Evanston, Iil. 

Hays, I. Minis, AM., M.D. Fell. Am. Acad. Arts and Sci.; Mem. Assoc. 
Am. Phys., Coll. Phys., Phila, Hon. Mem. Georgia Med. Soc. 
266 S. 2tst St., Philadelphia. ; 

Heiser, Victor George, M.D., D.Sc. Director for the East, Internat. Health 

Board of Rockefeller Found.; formerly Dir. of Health, Philippine 

Is.; and Prof. of Hygiene, Univ. of Philippines. Mem. Philippine 

Is. Med. Assoc. (Past-Pres’t).; Counsellor Far Eastern Assoc. of 

Tropical Med., Am. Soc. of Trop. Med. Room 2701, 61 Broadway, 

New York City. 

Henderson, Lawrence J., M.D. Prof. Biol. Chemistry, Harvard Univ. 

Fell. Am. Acad. Arts and Sci.; Mem. Nat. Acad. of Sci., Am? Physiol. 

Soc. Am. Soc. Biol. Chem., Am. .Chem. Soc. 4 Willard St., 

Cambridge, Mass. 

1906 

1878 

1902 

1915 

1915 

1886 

1918 

1921 
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Herty, Charles Holmes, Ph.D., D.Chem. Formerly Prof. Chem., Univ. 

of North Carolina. Mem. Am. Chem. Soc. (Pres’t, 1915-1916), 

Chem. Soc., Lond., Soc. Chem. Industry, Am. Electrochem. Soc., 

Soc. Chim. de France. Room 343, 1 Madison Ave., New York City. 

Hibben, John Grier, M.A., Ph.D., LL.D., Litt.D. President of Princeton 

Univ. Princeton, N, J. 

Hill, David Jayne, A.M., LL.D., Doct. és Lettres. Formerly Ambassa- 

dor to Germany. Mem. Am. Hist. Soc., Am. Soc. Internat. Law, 

National Assoc. for Constitutional Govt. (Pres’t). 1745 Rhode 

Island Ave., Washington, D. C. ‘ 

Hillebrand, William Francis, Ph.D. Chief Chemist U. S. Bureau of 

Standards. Mem. Nat. Acad. Sci., Am. Chem. Soc. (Pres’t, 1906), © 

Wash. Acad. Sci., Geolog. Soc., Wash., Am. Soc. for Testing Ma- 

terials, Corr. Mem. K. Gesell. der Wissen. G6ttingen. 3027 New-. 

ark St., N. W., Washington, D. C. 

Hilprecht, Hermann V., Ph.D., D.D., LL.D. Formerly Professor of Com- 

parative Semitic Philology, University of Pennsylvania. 1830 Locust 

St., Philadelphia. ‘ 

Hirst, Barton C., A.B., M.D., LL.D. Prof. Obstet., Univ. of Penna. Fell. 

Coll. of Phys., Phila.; Mem. Am. Gyn, Soc., Corr, Mem. Paris Ob- 

stet. and Gynecolog. Soc. 1821 Spruce St., Philadelphia. 

Hobbs, William Herbert, D.Sc., A.M., Ph.D. Prof. of Geol. and Dir. of 

Geol. Lab., Univ. of Mich. Fell. Geol. Soc. of Amer., Assoc. of Am. 

Geol. University of Michigan, Ann Arbor, Mich. 

Hoover, Hon. Herbert, Dr.Eng., M.D., Ph.D., Sc.D., LL.D., D.C.L. (Oxon.). 

Secretary of Commerce U. S. A. Hon. Citizen and Friend of the 

Belgian Nation; Chairman of Commission for Relief of Belgium 

(1915-19) ; Chairman, Food Committee, Council of National De- 

fense (1917); U. S. Food Administrator (1917-19) ; Chairman, 
Inter-allied Food Council (1917-19); Am. Relief Administration 

European Children’s Fund (1919) ; Trustee Carnegie Inst. of Wash. 

Meri. Am. Inst. of Mining Eng. (Pres’t, 1920), National Research 

Council, Federated Am. Eng. Soc. (Pres’t, 1920), Soc. of Western 

Eng., Soc. des Ingen. Civile de France, Soc. Belge des Ingen. et des 

Indust., Hon. Mem. Am. Inst. of Mining and Metal. Eng. Medals— 

Mining and Metal. Soc. of Am., Western Federation of Eng., Gold, 

National Inst. of Soc. Sci. for work in behalf of humanity (1918) ; 

Medal of honor for distinguished public service from the Civic Forum 

(1920). Washington, D.C. 

Hopkins, Edward Washburn, A.M., Ph.D., LL.D. Prof. Sanskrit and 
Comp. Phil., Yale Univ. Mem, Am. Orient.. Soc. (Past-Pres’t), 

Am. Philol. Assoc., German Orient. Soc., Royal Asiatic Soc.; Fell. 

Am. Acad. Arts and Sci. 2099 Lawrence St., New Haven, Conn. 

1917 

IQI2 

1910 

1906 

1886 

1899 

1909 

1918 

1908 
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_ Howard, Leland Ossian, M.D., Ph.D., LL.D. Chief of Bureau of Ento- 1911 
mology, U. S. Dept. of Agriculture. Curator of Insects U. S. Nat. 

Museum, Consulting Entomologist U. S. Public Health Service; 

Fell. Am. Acad. Arts and Sci. U. S. Department of Agriculture, 

Washington, D. C. 

Howell, William Henry, A.B., M.D., Ph.D., Sc.D., LL.D. Prof. of Phys. 

and Assist. Dir., School of Hygiene and Public Health, Johns Hop- 

kins Univ. Mem. Nat. Acad. Sci, Am. Physiolog. Soc. (Past- 

Pres’t). Johns Hopkins University, Baltimore, Md. 

Hrdlitka, Ales, M.D. Curator, Div. of Physical Anthrop. U. S. Nat. 

Mus. Fell. Am. Acad. Arts and Sci.; Mem. Assoc. Am. Anatomists, 

Am. Anthrop. Assoc., Wash. Acad. of Sci., Corr. Mem. Bohemian 

Ethnolog. Soc., Roy. Bohemian Assoc. of Sci., Bohemian Acad., Soc. 

d’Anthrop. Paris, Anthrop. Gesell. Vienna, Soc. des Americanistes 

Paris, Soc. Ital. di Antrop. Florence, Soc. des Amis d’Hist. Nat. Mos- 

cow. U.S. National Museum, Washington, D. C. 

Huber, G. Carl, M.D. Prof. Anat. and Dir. Anat. Lab., Univ. of Mich. 
Fell. Coll. Phys., Phila. Am. Physiol. Soc., Soc. Am. Naturalists, 

Am. Assoc. Path. and Bact., Am. Assoc. Anat. (Pres’t, 1914-15). 1330 

Hill St., Ann Arbor, Mich. 

Hulett, George A., A.B., Ph.D. Prof. of Physical Chemistry, Princeton 

Univ. Mem. Am. Chem. Soc., Am. Phys. Soc., Am. Electrochem. 

Soc. 44 Washington Road, Princeton, N. J. 

Hutchinson, Emlen, A.B. 308 Walnut St., Philadelphia. 

@Invilliers, Edward Vincent, E.M., ScD. Fell. Geol. Soc. Am.; Mem. 
Mining and Metall. Soc. Am., Am. Inst. Mining Eng. 518 Walnut 

St., Philadelphia. 

Ives, Frederick Eugene. Fell. Am. Acad. Arts & Sci., Am. Phys. Soc., 

Royal Photo. Soc., Royal Microscop. Soc., Optical Soc. of Am., 

Honor. Mem. Photo. Soc. of Phila. Medals—Rumford, Elliott 

Cresson, Progress (R. Photo. Soc.). 1327 Spruce Street, Phila- 

delphia, Pa. 

Ives, Herbert E., B.S., Ph.D. Physicist, Western Electric Co., New York. 

Mem. Am. Phys. Soc., Optical Soc. of Am.; Fell. A. A. A. S. 

Medals—Longstreth (Franklin Inst., 1906, 1914 and 1918). 32 Laurel 

Place, Montclair, N. J. 

Jackson, A. V. Williams, A.M., L.H.D., LL.D. Prof. of Indo-Iranian Lan- 
guages, Columbia Univ., N. Y. Mem. Am. Oriental Soc. (Pres’t, 

1915-16). Columbia University, New York City. 

1903 

1918 

I9I2 

1913 © 

1898 

1893 

1922 

1917 

1909 
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Jackson, Chevalier, M.D. Prof. Laryngology, Jefferson Med. Coll., 

Phila.; Prof. Bronchoscopy and Oesophagoscopy, Univ. of Penna. 

Graduate School of Medicine. Mem. Am. Laryng. Assoc., Am. 

Laryng., Rhinolog, and Otol. Soc. (Pres’t), N. Y. Acad. of Med., 

Coll. of Phys., Phila. 128 South roth St., Philadelphia. 

James, Edmund Janes, A.M., Ph.D., LL.D. Pres’t Emerit., Univ. of Il. 

Mem. Am. Econ. Assoc., Am. Acad. Polit. and Soc. Sci. (Pres’t, 1889- 

1901); Fell. Roy. Statist. Soc., Dublin, Soc. d’Econ. Polit., Paris. 

University of Illinois, Urbana-Champaign, IIl. 

Jameson, John Franklin, Ph.D., LL.D., Litt.D. Prof. of History, Univ. 

of Chicago (1901-05) ; Director of Dept. of Hist. Research, Carnegie 

Inst. of Wash. (1905—- ); Editor of Am. Hist. Rev. Mem, Am. Hist. 

Assoc. (Pres’t, 1907), Am. Antiq. Soc., Naval Hist. Soc., Corr. Mem. 

Brit. Acad., R. Acad. of Belgium, Roy. Hist. Soc., Mass. Hist. Soc., 
Colonial Soc. of Mass., Hon. Mem. R. I. Hist. Soc., S. C. Hist. Soc. 

Dept. of Historical Research, Carnegie Inst. of Washington, 1140 

Woodward Bldg., Washington, D. C. 

Jennings, Herbert S., B.S., A.M., Ph.D., LL.D. Prof. of Zool. and Dir. of 

Zool. Lab., Johns Hopkins Univ. Mem. Nat. Acad. Sci., Am. Soc. 

Zool. (Pres’t, 1908), Am. Soc. Naturalists (Pres’t, 1909) ; Fell. Am. 

Acad. Arts and Sci., Hon. Fell. Roy. Micros. Soc., Lond. Johns 

Hopkins University, Baltimore, Md. 

Johnson, Alba B., A.B., LL.D. Mem. Am. Acad. Polit. and Soc. Sci.; 

Pres’t, Phila. Chamber of Commerce; Pres’t, Penna. State Chamber 

of Commerce; Pres’t, Railway. Business Association; Pres’t, Inter- 

national Chamber of Commerce, Washington, D. C. Rosemont, Pa. 

Johnson, Douglas, Ph.D. Prof. of Physiography, Columbia Univ.; 

Major, Intelligence Div. U. S. A. on Special Mission to European 

battle-fronts (1918); Chief, Div. of Boundary Geog., Am. Peace 

Comm. (1918-19). Fell. A. A. A. S., Geological Soc. of Am., Am. 

Geog. Soc., Assoc. of Am. Geog., Am. Acad. Arts and Sci., N. Y. 

Acad. of Sci. (V.-P. 1916-17), Nat. Research Council, Wash. Acad. 

of Sci., Phila. Geog. Soc., Serbian Acad. of Sci. Medals—Janssen 

Prize, Soc. de Géog. de Paris (1921); Elisha Kent Kane, Phila. 

Geog. Soc. (1922). Columbia University, New York City. 

Johnson, Emory R., Litt.M., Ph.D., Sc.D. Prof. of Transportation and 

Commerce, Dean of Wharton School, Univ. of Penna. Pres’t, Nat. 

Inst. of Social Sci.; Mem. Assoc. of Am. Geog., Am. Economic 

Assoc., Am. Polit. Sci. Assoc., Am. Acad. Polit. and Soc. Sci. Logan 

Hall, University of Pennsylvania, Philadelphia. 

Date of 
Election 

1919 

1884 

1920 

1907 

IQII 

1920 

1915 
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Jordan, David Starr, M.S., M.D., Ph.D., LL.D. Chancellor Emeritus of 
~~ Stanford Univ. Mem. Calif: Acad. Sci. (Past-Pres’t), A. A. A. S. 

(Pres’t, 1909-10), Biolog. Soc. Wash, Zool. Soc., Lond., Acad. Sci., 

Sweden, Linnaean Soc., N. S. W., Fiskerie Forening, Norway. 

Medals—Fisheries Congress (Lond., 1883); Educational work 

(Tokio, 1911); Peace work (Paris, 1912). Stanford University, 

Cal. 

Kane, Elisha Kent. Silverside, Kushequa, Pa. 

Keasbey, Lindley Miller, A.M., Ph.D., R.P.D. Formerly Prof. of Political 

Sci., Univ. of Texas. 4 East rath St., New York City. 

Keen, Gregory Bernard, A.M., LL.D. 1300 Locust St., Philadelphia. 

Keen, William W., M.D., Sc.D., Ph.D., LL.D. Emeritus Prof. of Surgery, 

Jefferson Med. Coll. Fell.. Coll. Phys., Phila. (Past-Pres’t), Am. 

Surg. Assoc. (Past-Pres’t), Am. Med. Assoc. (Past-Pres’t) ; 

Congress Am. Phys. and Surg. (Past-Pres’t); Past-Pres’t, 5th 

Intern. Cong. of Surgery, Paris; Hon. Fell. Roy. Coll. Surg. (Eng- 

land, Edin. and Ireland), Fell. Am. Acad. Arts and Sci.; For. Corr. 

Mem. Soc. de Chir. de Paris, Soc. Belge de Chir., Clin. Soc., Lond., 

Italian Surg. Soc., Palermo Surg. Soc. For. Assoc. Acad. de Med. 

de Paris. 1520 Spruce St., Philadelphia. 

Keiser, Edward Harrison, M.S., Ph.D. Prof. Chemistry, National Univ., 

' St. Louis. Mem. Deut. Chem. Gesell., Soc. Chem. Industry, Am. 

Chem. Soc. 534 Linden Ave., Clayton, St. Louis Co., Mo. 

- Keller, Harry F., Nat. Ph.D. (Strassb.), Sc.D. Principal Germantown 

High School, Phila) Mem. Am. Chem. Soc. 103 W. Upsal St., 

Germantown, Philadelphia. , 

Kellogg, Vernon, M.G., LL.D. Prof. of Entomol. and Lect. in Organic 

Evolution, Leland Stanford Univ. Chairman, Div. of Educational 

Relations, and Sec. of the Nat. Research Council; Mem. Entomol. 

Soc. of Am. (Past-Pres’t), and of Inter-allied Scientific Food Comm. 

National Research Council, Washington, D. C. 

Kemp, James Furman, A.B., E.M., D.Sc., LL.D. Prof. of Geol., Columbia 

Univ. Fell. Geol. Soc. Am. (Pres’t, 1921), N. Y. Acad. Sci. (Pres't, 

1908 and 1911); Mem. Nat. Acad. Sci., Am. Inst. Mining Eng. 

(Pres’t, 1912), Mining and Metal. Soc. Am. (Pres’t, 1913), Wash. 

Acad. Sci., €orr. Mem. Geolog. Soc. Stockholm, Acad. Sci. Chris- 

tiania, Soc. Cien. “ Antonio Alzate,” Mex., Soc. Geologico Mex. 

Medal—Mining and Metal. Soc. Am. (1916). Schermerhorn Hall, 

Columbia University, New York City. 

Election 

1905 

1883 

1899 

1897 

1884 

1808 

1900 

IQI2 
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Date of 
Election 

Kennelly, Arthur Edwin, A.M., Sc.D. Prof. of Elect. Eng., Harvard 1896 

Univ.; Dir., Research Div. Electrical Engineering Dep’t, Mass. Inst. 

of Tech. Fell. Am. Acad. Arts and Sci.; Mem. Am. Math. Soc., Am. 

Phys. Soc., Hon. Mem. Inst. Electr. Eng., N. Y. Electr."Soc., Nat. 

Electr. Light Assoc., Am. Electrotherap. Assoc.; A. I. E. E. (Past- 

Pres’t), Illg. Eng. Soc., and of Inst. Rad. Engrs. Harvard Univer- 

sity, Cambridge, Mass. 

Kittredge, George Lyman, A.B., Litt.D., LL.D. Prof. of Eng. Lit., Har- 

vard Univ. Fell. Am. Acad. Arts and Sci.; Mem. Mass. Hist. Soc., 
Am. Antiq..Soc., Col. Soc. of Mass. (Past-Pres’t), Am. Philol. 

Soc.; Hon. Fell. Roy. Soc. Lift, Corr. Fell. Brit. Acad. 8 Hilliard 

St., Cambridge, Mass. B 

Kraemer, Henry, Ph.D., Ph.M. Prof. of Pharmacognosy, Univ. of Mich.; 

and Dean of Coll..of Pharmacy. _Mem. Internat. Botan. Soc., Bot. 

Soc. of Am., Am. Soc. of Nat., Corr. Mem. Soc. de Pharm. de Paris, 

Hon. Mem. Brit. Pharm. Conf. Mt. Clemens, Mich. 

Lambert, Preston Albert, M.A. Prof. of Mathematics, Lehigh Univ. 

Mem. Am. Math. Soc., Math. Assoc. Am. 323 N. Centre St., Beth- 

lehem, Pa. 

Landreth, Burnet. Mem. Soc. of Arts of Lond., Soc. of Agric. of Chili, 

R. Agric. Soc. of India, R. Acad. of Agric. of Sweden, Imp. Agric. 

Soc. of Japan, R. Hort. Soc. of Lond., Soc. des Agric. de France. 

Offic. du Merite Agricole de France. Bristol, Pa. 

Langmuir, Irving, M.A., Ph.D., D.Sc., LL.D. Ass’t..Director Research 

Lab., General Electric Company. Fell. Am. Acad. Arts & Sci.; 

Mem. Nat. Acad. Sci., Am. Chem. Soc., Am. Phys. Soc., Inst. of 

Radio Engrs. Medals—Nichols (1915, 1920), Hughes (Royal Soc. 

1918); Rumford (1920). Research Laboratory, General Electric 

Company, Schenectady, N. Y. 

Lanman, Charles R., A.B., Ph.D., LL.D. Prof. of Sanskrit, Harvard Univ. 

Fell. Am. Acad. Arts and Sci.; Mem. Am. Philol. Assoc. (Pres’t, 

1869), Am. Orient. Soc. (Pres’t, 1907 and 1919), Colonial Soc. of 

Mass., For. Mem. Bohem. Soc. of Sci.; Hon. Fell. Asiatic Soc. of 

Bengal, Roy. Asiatic Soc., Soc. Asiatique (Paris), Deut. Morgen- 

land. Gesell., North-China Branch Roy. Asiatic Soc., Finnish-Ungrian 

Soc. (Helsingfors) ; Corr. Mem. Acad. of Sci., Bologna, Roy. Soc. 

of Sci., Géttingen, Acad. Sci., Russia, Acad. des Inscrip. et Belles- 

Lettres. 9 Farrar St., Cambridge, Mass. 

Lea, Arthur H., A.B. 960 Drexel Building, Philadelphia. 

LeConte, Robert Grier, A.B., M.D. Fell. Coll. Phys., Phila.; Mem. Am. 

Surg. Assoc. (Pres’t, 1916), Am. Coll. Surgeons, Soc. Clin. Surg., 

Int. Soc. of Surg., Soc. of Surgery, Paris, French Surg. Assoc. 

Surgeon to Penna. Hospital. 2000 Spruce St., Philadelphia. 

1905 

1904 

1878 

1922 

1906 

1912 

1905 
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Date of 
Election 

_ Lewis, Gilbert Newton, AM. Ph.D. Prof. Phys. Chem. and Dean of 1918 
Coll. of Chem:, Univ. of Calif. (1912- ). Mem. Nat. Acad. of Sci., 

_ Am. Chem. Soc., Am. Phys. Soc.; Chev. de la Legion d’Honneur. 
2440 Hillside Ave., Berkeley, Calif. 

Lewis, John Frederick, A.M. President of Penna. Acad. of Fine Arts. 
1914 Spruce St., Philadelphia. 

Libbey, William, M.A., Sc.D. Prof. of Phys. Geog., Princeton Univ. 

Fell. and For. Corr. Sec’y, Am. Geog. Soc., N. Y. Acad. Sci., Société 

de Géogr., and Société de Géol., Paris; Hon. Mem. Geog. Soc., Liv- 

erpool, Eng., Corr. Mem. Geog. Soc., Geneva, Switzerland, Boston 

Soc. Nat. Hist., Roy. Geol. Soc., Lond., Geol. Soc. of Am., Soc. of 

Am. Naturalists; Fell. Roy. Geog. Soc., Lond. Princeton, N. J. 

Lillie, Frank Rattray, B.A., Ph.D., Sc.D. Chairman, Dep’t of Zool., Univ. 

of Chicago; Director, Marine Biological Laboratory. Mem. Am. 

Soc. of Zoologists (Past-Pres’t), Am. Soc. Naturalists (Pres'’t, 

1914), Nat. Acad. Sci. University of Chicago, Chicago, IIl. 

Lindgren, Waldemar, M.E., D.Sc. Prof. Economic Geol., Mass. Inst. of 

Tech. Mem. Nat. Acad. Sci., Am. Inst. Mining Eng., Min. and Met- 

allurg. Soc. Am., Wash. Acad. Sci.; Fell. Am. Acad. Arts and Sci.; 

Corr. Mem. Geol. Soc., Sweden, Mineralog. Soc., Russia. Massachu- 

setts Institute of Technology, Cambridge, Mass. 

Lingelbach, William E., B.A., Ph.D. Prof. Mod. European History, 

Univ. Penna. Mem. Am. Hist. Assoc., Nat. Inst. of Social Sci.; 

Geog. Soc. of Phila. (Pres’t, 1914-16; 1918-20); Director of War 

Issues Course, S. A. T. C., Third Federal District, 1917-18. 4304 

Osage Ave., Philadelphia. 

Lippincott, J. Bertram. 1712 Spruce St., Philadelphia. 

Loeb, Jacques, M.D., Ph.D., Sc.D. Mem. of Rockefeller Inst. for Med. 

Research, Nat. Acad. Sci., Wash. Acad. Sci., Am. Physiol. Soc., 

Am. Soc. Biol. Chem.; Fell. Am. Acad. Arts and Sci.; Corr. Mem. 

Acad. des Science de Paris, Acad. Sci., Krakau, Senckenberg. Nat. 

Gesell. Frankfurt a/M., Physik-Med. Gesell., Erlangen, Med. Gesell., 

Budapest. Bataafsch Genootschap Proefondervindelijke Wijsbe- 

geerte, Rotterdam. Ass. Soc. Roy. des Sci. Med. et Nat., Brussels, 

Soc. Belge de Biol., Brussels. For. Mem. Linnean Soc., Lond., Acad. 

Roy. des Sci., Brussels. Hon. Mem. Acad. Roy. de Med., Brussels, 

Soc. Imp. des Amis des Sci. Nat., Moscow, Cambridge Philos. Soc., 

England. Royal Institution of Great Britain, London, Soc. de Biol. 

Paris, Med. Gesell., Wien. Rockefeller Institute for Medical Re- 

search, 66th St. and Ave. A, New York City. 

1909 

1897 

1916 

1917 

1916 

1921 

1809 



298 LIST OF THE AMERICAN PHILOSOPHICAL SOCIETY 

Date of 
Election 

Loeb, Leo, M.D. (Zurich). Prof. Comp. Path., Washington Univ., St. 
Louis. Mem. Am. Physiol. Soc., Am. Soc. Exper. Path., Soc. Exper. 

Biol. and Med., Assoc. Am. Phys., Am. Assoc. of Path. and Bact. 

(Past-Pres’t), Am. Assoc. for Cancer Research (Past-Pres’t), 
Washington Acad. of Sci. Washington University Medical School, 
St. Louis, Mo. 

Lovett, Edgar Odell, A.M., Ph.D., LL.D. Pres’t of Rice Institute. Fell. 

Royal Astron: Soc.; Mem. Am. Math. Soc. and of Math. Societies 

of France, London aiid Palermo, Nat. Inst. of Social saniatie Am. 

Acad. of Polit. Sci. Rice Institute, Houston, Texas. 

Lowell, Abbott Lawrence, A.B., LL.B., LL.D., Ph.D. Pres’t of Harvard 

Univ. Fell. Am. Acad. Arts and Sci.; Mem. Mass. Hist. Soc.; Am. 

Antiq. Soc. Harvard University, Cambridge, Mass. 

Lyman, Theodore, A.M., Ph.D. Prof. Physics, Harvard Univ. Mem. 

Nat. Acad. Sci, Am. Physiol. Soc. (V.-P.); Fell. Am. Acad. Arts 

and Sci., Roy. Geog. Soc. Medal—Rumford (1918-19). Cam- 

bridge, Mass. 

Mabery, Charles Frederic, Sc.D. Emeritus Prof. Chem., Case School of 

Applied Sci.. Fell. Am. Acad. Arts and Sci.; Mem. Am. Chem. Soc. 

Case School of Applied Science, Cleveland, O. 

McCay, LeRoy Wiley, M.A., D.Sc. Prof. Chem. Princeton Univ. Mem. 

Am. Inst. Mining Eng., Am. Chem. Soc., Chem. Soc. of Lond. 

Princeton, N. J. 

McClung, Clarence E., A.M., Ph.D. Prof. Zoology, Univ. of ; Penna. 

Chairman, Division of Biology and Agriculture, Nat. Research Coun- 

cil; Managing Editor, Jl. of Morphology. Swarthmore, Pa. 

McClure, Charles Freeman Williams, A.M., D.Sc. Prof. Comp.-Anat., 

Princeton Univ. Mem. Am. Soc. of Naturalists, Am. Zool. Soc., 

Assoc. Am. Anat., Anatom. Gesell. Princeton University, Prince- 

ton, N. J. 

McCrae, Thomas, B.A., M.D. Prof. Med., Jefferson Mied. Coll., Phila. 

Fell. Roy. Coll. Phys. Lond., Coll. Phys. Phila.; Mem. Assoc. Am. 

Phys., Roy. Coll. Surg. Eng. 1029 Spruce St., Philadelphia. 

McCreath, Andrew S. Mem. Am. Inst. Min. Eng., Min. and Metal. Soc. 

Am., Iron and Steel Inst. (Gt. ge 236 Liberty St., Harrisburg, 

Pa. ; : 

McDaniel, Walton Brooks, A.M., Ph.D. Prof. Latin, Univ. of Penna. 

Mem. Am. Philol. Assoc., Classical Assoc. of Atlantic States, Arch. 

Inst. of Am. 264 S. 44th St., Philadelphia, y 

1910 

1904 

1918 

1897 

1897 

1913 

1897 

1914 

1879 

1917 
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MacDougal, Daniel-Trembly, M.A., Ph.D., LL.D. Dir., Dep't Bot. Re- 

search, Carnegie Inst. of Washington. Mem. Botan. Soc. of Am., 

Soc. for Exp. Biol. and Med., Soc. of Am. Naturalists (Pres’t, 

1910), Hollandsche Maatschap. van Wetenschap. (Haarlem), Soc. 

Nat. d’Acclimat. de France. Desert Laboratory, Tucson, Arizona. 

Macfarlane, John Muirhead, B.S., D.Sc. (Edin.), LL.D. (Penna.). Emer- 

itus Prof. Botany, Univ. Penna. Fell. Roy. Soc., Edinburgh; 

Corr. Mem. Botan. Soc., Edin., Mem. Soc. for Plant Morph. (Pres’t, 

1898-99). 4320 Osage Ave., Philadelphia. 

Magie, William Francis, A.M., Ph.D., LL.D. Prof. Physics, Princeton 

Univ. -Mem. Am. Phys. Soc. (Past-Pres’t). Princeton N. J. 

Manly, John Matthews, A.M., Ph.D., LL.D., Litt.D. Prof. Eng., Univ. of 

Chicago. Mem. Modern Lang. Assoc. of Am. Am. Philol. Soc. 
6030 Kimbark Ave., Chicago, IIl. 

Mark, Edward Laurens, A.M., Ph.D., LL.D. Prof. Anat., Harvard Univ.; 

Dir. of Bermuda Biol. Sta. for Research. Fell. Soc. Biolog. Chem. 

(Lond.), Am. Acad. Arts and Sci.; Mem. Nat. Acad. Sci., Anatom. 

Gesell., Deutsch. Zool. Gesell., Boston Soc. Nat. Hist., K. Bohm. 

Gesell. d. Wissen. (Prag.), Soc. Roy. Zool. et Malacol. Belge, Soc. 

Cubana Hist. Nat. 109 Irving St., Cambridge, Mass. 

Marshall, John, M.D., Nat.Sc.D., LL.D. Prof. Chem. and Tox., Univ. 

Penna. Mem. Am. Chem. Soc., Am. Physiolog. Soc., Am. Soc. Biolog. 

Chem. 1718 Pine St., Philadelphia. 

Marvin, Charles F.. M.E. Chief of U.S. Weather Bureau. Mem. Philos. 
Soc. of Wash. (Pres’t, 1903-04), Wash. Acad. Sci., Seismological 

Soc., Amer. Soc. Geog., Geophysical Union, etc. U. S. Weather 

-Bureau, Washington, D. C. 

Mason, William Pitt, C.E., Sc.D., M.D., LL.D. Prof. Chem., Rensselaer 

Polytechnic Inst., Troy, N. Y. Mem. Am. Chem. Soc., Am. Soc. 

Civ. Eng., Am. Waterworks Assoc. (Past-Pres’t), Am. Inst. of 

Chem. Eng., Roy. Sanitary Inst. (Lond.), Hon. Mem. Assoc. Gen. 

Hygien. Munic. (Paris), Am. Public Health Assoc. Troy, N. Y. 

Matthew, William Diller, A.M., Ph.D. Curator of Am. Mus. of Nat. 

Hist. Fell. Royal Soc., London, N. Y. Acad. Sci., Geolog. Soc. of 

Am., Palaeontological Soc. American Museum of Natural History, 

77th St. and Central Park, W., New York City. 

“Matthews, Albert, A.B. Fell. Am. Acad. Arts and Sci.; Mem. Am. 

Antiq. Soc., Am. Geog. Soc.,-Am. Dialect Soc., Am. Hist. Assoc., 

Am. Folk-lore Soc., Colonial Soc. of Mass., Mass. Histor. Soc., Corr. 

Mem. Maine, Virginia and Wisconsin Histor. Societies. 19 St. 

Botolph St., Boston, Mass. 

Election 

1916 

1892 

IQI2 

1907 

1886 

1916 

1806 ~ 

1914 

1899 
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Election - 

Meigs, William M., AM., M.D. 505 Chestnut St., Philadelphia. 

Mendel, Lafayette B., B.A., Ph.D., Sc.D. Prof. of Phys. Chem., Yale 

Univ. .Mem. Am. Chem.’ Soc., Am. Physiol. Soc., Am. Soc. of Biol. 

~ Chem. (Pres’t, 1911), Am. Soc. of Naturalists, Conn. Acad. Arts and 

Sci., Nat. Acad. Sci., Soc. Exper. Biol. and Med., Am. Soc. for Phar- 
macol., Am. Home Econ. Assoc. Yale University, New Haven, 

Conn. 

Mendenhall, Thomas Corwin, Ph.D., D.Sc., LL.D. Super’t U. S. Coast 

and Geod. Surv., 1889-1804. Fell. Am. Acad. Arts and Sci.; Mem. 
Nat. Acad. Sci., A. A. A. S. (Pres’t, 1889), Am. Antiq. Soc. Med- 

als—Am. Geog. Soc. (1901) ; Nat. Education Soc. of Japan (1911) ; 

Franklin Medal (Franklin Institute, 1918). Ravenna, O. 

Mercer, Henry Chapman, A.B., Sc.D. Doylestown, Bucks Co., Pa. 

Merriam, C. Hart, M.D. Research Associate, Smithsonian Inst., Washing- 

ton. 919 16th St., Washington, D. C. 

Merriam, John C., B.S., Ph.D. Pres’t, Carnegie Inst. of Washington. 

Fell. Geol. Soc. of Am., Am. Palaeont. Soc., Wash. Acad. Sci., Nat. 

Acad. Sci., Cal. Acad. Sci. Carnegie Institution, Washington, D. Ge 

Merriman, Mansfield, Ph.D., Sc.D., LL.D. Late Prof. Civil Engineering, 

Lehigh Univ. Mem. Am. Soc. Civil Eng., Am. Soc. Testing Ma- 

terials (Pres’t, 1915-16), Am. Math. Soc. ro7r Madison Ave., New 

York City. 

Michelson, Albert Abraham, Ph.D., Sc.D., LL.D. Prof. and Head of 

Department of Physics, Univ. of Chicago. For. Mem. Roy. Soc.; 

Fell. Roy. Astron. Soc., Am. Acad. Arts and Sci.; Mem. Nat. Acad. 

Sci., Am. Phys. Soc. (Pres’t, 1900), Soc. Frangaise de Physique, For. — 

Mem. R. Accad. dei Lincei, K. Svenska Vetenskaps. Akad., Soc. Hol- 

land des Sci., Corr. Mem. Acad. des Sci. de Paris, Hon. Mem. Roy. 

Institution, Cam. Philos. Soc. Medals—Nobel Laureate, Physics 

(1907); Rumford (1888); Grand Prix (Paris, 1900); Matteucci 

(Soc. Ital., Rome, 1904) ; Copley (Roy. Soc., Lond., 1907). Uni- 

versity of Chicago, Chicago, IIl. 

Miller, Dayton Clarence, A.M., D.Sc. Prof. Physics, Case School of Ap- 

plied Sci. (1806- ). Fell. Am. Acad. Arts and Sci.; Mem. Am. 

Physical Soc. (Sec’y, 1918- ), Am. Astron. Soc., Wash. Acad. of 

Sci., Cleveland Eng. Soc. (Pres’t, 1906), Soc. Frang. de Physique. 

Medal—Edward Longstreth (Franklin Inst., 1917). Case School 

of Applied Science, Cleveland, Ohio. ° 

1901 

1916 

1899 

oe 

1902 

1914 

1881 

1902 

1919 
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Date of 
Election 

Miller, John Anthony, A-M., Ph.D. Vice-President and Prof. of Math. and 
Astron., Swarthmore Coll. Mem. Am. Math. Soc., Am. Astron. Soc.; 
Fell. A. A. A. S., Ind. Acad. Sci. Swarthmore College, Swarthmore, 

Pa. 

Miller, Leslie W. Principal Emeritus of Penna. Mus. and School of 

Industrial Art, Philadelphia. Box 261, Oak Bluff, Mass. 

Millikan, Robert Andrews, A.B., Ph.D., Sc.D. Prof. Physics, Univ. of 

Chi. Fell. Am. Acad. Arts and Sci.; Mem. Nat. Acad. Sci., Am. 
Phys. Soc. (Past-Pres’t), Hon. Mem. Royal Institution of Great 

Britain. Medal—Comstock (National Acad., 1913). California In- 

stitute of Technology, Pasadena, Calif. 

Moore, Clarence B., A.B. Mem. Anthrop. Inst. of Am., Arch. Inst. of 

Am., Am. Anthrop. Assoc., Am. Antiq. Soc., Corr. Mem. Mass. 

Hist. Soc., Roy. Acad. of Letters, Hist. and Antiq. (Stockholm), 

Soc. des Americanistes, Paris, Soc. Scientif. Argentina, Berlin. Gesell. 

fir Anthrop., Eth., and Urgesch., Hon. Mem. Anthrop. Soc., Wash., 

Wis. Nat. Hist. Soc., Soc. of Anthrop. and Geog. (Stockholm). 

1321 Locust St., Philadelphia. 

Moore, Eliakim Hastings, A.B., Ph.D., LL.D., Sc.D., Math.D. Prof. of 

Mathematics, Univ. of Chicago. Fell. Am. Acad. Arts and Sci.; 

Mem. Am. Math. Soc. (Pres’t, 1901-03), Nat. Acad. Sci. Univer- 

sity of Chicago, Chicago, IIl. 

Moore, George Foot, A.M., D.D., LL.D., Litt.D. Prof. of Hebrew, 

Andover Theol. Sem. (1883-1902) ; Prof. of Hist. of Religions, Har- 

vard Univ. (1902- ). Fell. Am. Acad. Arts and Sci. (V.-P., 

1917— ), Mass. Hist. Soc., Colonial Soc. of Mass., Am. Orient. 

Soc. (Pres’t, 1911-12), Soc. of Biblical Lit. and Exeg. (Pres'’t, 

1898), Deut. Morg. Gesell., Hon. Mem. Society of Historical Theol- 

ogy (Oxford). 3 Divinity Ave., Cambridge, Mass. 

Moore, George. Thomas, A.M., Ph.D. Dir. of Missouri Botanical Garden; 

Engelmann Prof. of Botany, Washington Univ. Mem. Wash. Acad. 

Sci.; Acad. Sci. of St. Louis (Pres’t), Botan. Soc. of Am., Soc. of 
Am. Bacteriologists. Missouri Botanical Garden, St. Louis, Mo. 

Moore, Hon. John Bassett, LL.D. Prof. of Int.. Law, Columbia Univ: 

New York. Mem. of Permanent Court at the Hague, Inst. de droit 
Int., Inst. Colon. Int., Hispanic Soc. of Am., Cent. Committee Am. 

Red Cross, Corr. Mem. Mass. Hist. Soc. 267 W. 73d St., New 

York City. 

Moore, J. Percy, Ph.D. Professor of Zoology, Univ. of Penna. 

Zoological Laboratory, University of Pennsylvania, Philadelphia. 

1915 

1899 

1914 

1897 

1905 

1920 

1905 

1907 

1918 - 
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Morgan, Thomas Hunt, B.S., Ph.D. LL.D. Prof. of Exp. Zoology, 

Columbia Univ. Mem. Nat. Acad. Sci., Soc. Am. Naturalists, Am. 

Soc. Zool., N. Y. Acad. Sci., Soc. for Exp. Biol. and Med., For. Mem. - 

Royal Society of London. 409 W. r17th St., New York City. 

Morley, Edward W., A.M., LL.D. Prof. Emeritus of Chemistry, Western 

Reserve Univ., Cleveland. Mem. Nat.- Acad. Sci A. A. A. S. 

(Past-Pres’t), Am. Chem. Soc. (Past-Pres’t), Roy. Inst. Gt. Br., For. 

Mem. Chem. Soc., Lond.; Fell. Am. Acad. Arts and Sci. Medals— 

Davy (Royal Soc., 1907) ; Elliott Cresson (Franklin Institute, 1912) ; 
Willard Gibbs (Chicago Section Am. Chem. Soc., 1917). West 

' Hartford, Conn. 

Morley, Frank, A.M., Sc.D. Prof. Math., Johns Hopkins Univ. Am. 

Math. Soc. (Past-Pres’t), Math. Soc., Lond., Circolo Matemat. di 

Palermo; Fell. Am. Acad. Arts and Sci. Johns Hopkins University, 

Baltimore, Md. 
‘ 

Morris, Harrison Smith. Mem. Nat. Inst. Arts and Letters; President, 

Art Assoc., Newport, R.I. Oak Lane Post Office, Philadelphia. 

Morris, James Cheston, A.M., M.D. Fell. Coll. of Phys., Phila. West 

Chester, Pa. 

Morris, Roland S., A.B., LL.D. Formerly U. S. Ambassador to Japan; 

Lecturer on International Law, Univ. of Penna. Mem. Asiatic Soc. 

of Japan (Pres’t), Oriental Soc. 1617 Land Title Bldg., Phila- 

delphia, Pa. 

Morse, Edward S., S.D., A.M., Ph.D., D.Sc. Dir. Peabody Mus., Salem, 

Mass, Fell. A. A. A. S. (Pres’t, 1885), Am. Acad. Arts and Sci.; 

Mem. Nat. Acad. Sci., Am. Soc. Naturalists, Am. Soc. Morph., Am. 

Antigq. Soc., Am. Anthrop. Assoc., Am. Oriental Soc., Boston Soe. 

Nat. Hist. (Pres’t), Corr. Mem. N. Y. Acad. Sci., Soc. of Anthrop. 

and Geog. (Stockholm), Anthrop. Soc. of Berlin, Japan Soc._ of 

Lond., Hon. Mem. Tokyo Zoolog. Soc., Royal Society of Arts, Lon- 

don, Am. Inst. of Architects. Salem, Mass. 

Moulton, Forest Ray, A.B., Ph.D. Prof. of Astronomy, Univ. of Chicago, 

Research Assoc. Carnegie Institution of Washington. Mem. Nat. 

Acad. Sci., Am. Math. Soc.; Fell. Roy. Astron. Soc.; Hon. For. 
Assoc. Brit. Association Adv. Sci., Am. Acad. Arts and Sci., Circolo 
Matematico di Palermo. University of Chicago, Chicago, IIl. 

Munro, Dana Carleton, A.M., L.H.D. Prof. of Medieval History, Prince- 

ton Univ. Mem. Am. Hist. Assoc., Wis. Acad. Arts and Sci. rz9 

Fitz Randolph Road, Princeton, N. J. 

1915 

1809 

1883 

1922 

1895 

1916 

I90I 
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Munroe, Charles Edward, S.B., Ph.D., LL.D. Prof. of Chem., and Dean 
Faculty Graduate Studies, Emeritus, George Washington Univ. | 
Mem. Am. Acad. Arts and Sci. Am. Chem. Soc. (Past-Pres’t), 

U. S. Naval Inst.; Chairman Committee on Explosives Investiga- 

tions, National Research Council; Soc. of Chem. Ind., Am. Inst. 

Mining Eng. 1701 Massachusetts Ave., N. W., Washington, D. C. 

Murdock, Joseph B. Rear-Admiral U. S. Navy. Danbury, N. H. 

Newbold, William Romaine, A.B., Ph.D. Adam Seybert Prof. of In- 

tellectual and Moral Philos., Univ. of Penna. Mem. Am. Psychol. 

Assoc., Am. Phil. Assoc., Am. Orient. Soc., Soc. Bibl. Lit., Corr. Mem. 

. Soc. for Psych. Research. College Hall, University of Pennsylvania, 
Philadelphia. 

Nichols, Edward Leamington, B.S., Ph.D., LL.D., D.Sc. Prof. Emeritus 

- of Physics, Cornell University. Mem. Nat. Acad. Sci., Am. Physical 
Soc. (Past-Pres’t), A. A. A. S. (Past-Pres’t), Am. Inst. Elec. Eng., 
Hon. Mem. Ill. Eng. Soc.; Fell. Am. Acad. Arts and Sci. 5 South 

Ave., Ithaca, N. Y. 

Nichols, Ernest Fox, M.A., Sc.D., LL.D. Late Pres’t Mass. Inst. of Tech- 

nology; Late Director Pure Science Nela Research Laboratories. 

Mem. Nat. Acad. Sci., Am. Astron. Soc.; Fell. Am. Acad. Arts and 

Sci. Am. Phys. Soc. Medal—Rumford (1905). Massachusetts In- 

stitute of Technology, Cambridge, Mass. 

Nipher, Francis E., B.S., A.M., LL.D. Prof. Emeritus of Physics, Wash- 

ington Univ., St. Louis. Mem. Am. Phys. Soc.; Fell. A. A. A. S., 

' Acad. of Sci., St. Louis (Past-Pres’t), Soc. Frang. de Physique. 

Kirkwood, St. Louis Co., Missouri. 

Noguchi, Hideyo, M.D., Ph.D., M.S. Mem. of Rockefeller Inst. for 

Medical. Research (1914— ), Assoc. Am. Phys., Am. Soc. for Exper. 

Path., Am. Assoc. of Path. and Bact., Soc. of Exper. Biol. and 

Med., Gesell. Kinderheilk. u. innere Med. (Vienna), Soc. de Biologie, 

Soc. de Path. Exot., Norske Med. Selsk. Medals—Emperor (Imp. 
Acad. of Japan, 1915) ; from Assoc. for Promoting Human Welfare 

(Japan, 1915) ; Am. Med. Assoc. (1919) ; John Scott (City of Phila., 
1921). Rockefeller Institute for Medical Research, New York City. 

‘Norris, George William, M.D. Professor of Clinical Med. Univ. of 

Penna., Physician to Penna. Hosp. (1900- ); Mem. Asso. Am. 

Physic. ; Fell. Coll. of Physicians, Phila. Colonel M. R. C. 1820 S. 

Rittenhouse Square, Philadelphia, Pa. 

Noyes, Arthur A., PhD., Sc.D., LL.D. Director of Chemical Research, 

Calif. Inst. of Technology. Mem. Nat. Acad. Sci.; Fell. Am. 

‘Acad. Arts and Sci. Medal—Willard Gibbs (Am. Chemical Soc., 

1915). Calif. Inst. of Technology, Pasadena, Calif. 

1891 

1886 

1909 

1904 

1906 

1907 

Ig2I 

1922 

IQII 
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Noyes, William Albert, A.B., B.S., Ph.D., LL.D. Dir. of Chemical Lab., 

Univ. of Ill. Mem. Nat. Acad. Sci., Am. Chem. Soc. (Pres’t, 1920), 

Deut. Chem. Gesell.; Fell. Am. Acad. Arts and Sci. Medals— 

Nichols (1908); Willard Gibbs (1920). 1005 Nevada St., Urbana, 

Til. 

Ortmann, Arnold E., Ph.D., Sc.D. Prof. Phys. Geog., Univ. of Pitts- 

burgh; Curator Invert. Zool., Carnegie Mus., Pittsburgh. Fell. A. A. 

A. S., Am. Soc. Nat.; Mem. Ecological Soc. of Am., Deut. Zoolog. 

Gesell., K. Leopold.-Carolin. Deut. Acad. der Naturforsch. Carnegie 

Museum, Pittsburgh, Pa. 

Osborn, Henry Fairfield, Sc.D., Ph.D., LL.D. Research Prof. of Zool., 

Columbia Univ.; Pres’t, Am. Mus. Nat. Hist. Mem. Nat. Acad. Sci., 

Am. Soc. of Naturalists (Past-Pres’t), Am. Morpholog. Soc. (Past- 

Pres’t), N. Y. Acad. Sci., Wash. Acad. Sci.; Fell. Am. Acad. Arts 

and Sci.; Hon. Mem. Geological, Zoological and Linnean Societies 

(Lond.), Literary and Philos. Soc. of Manchester, Imp. Soc. of Nat. 

(Moscow), Roy. Bavar. Acad. Sci., Senckenberg. Naturforsch. 

Gesell.; Hon. Fell. Roy. Soc. Edinb., Roy. Acad. Sci. (Sweden). 

Medals—Hayden (Acad. Nat. Sci., Phila.) ; National Inst. of Social 
Sci.; Gaudry (Geol. Soc. of France) ; Darwin (Royal Soc. London) ; 

Cullum (Am. Geograph. Soc.). American Museum of Natural His- 
tory, New York City. 

Osborne, Thomas Burr, Ph.D., Sc.D. Research Chemist, Conn. Agri. 

Exper. Sta. (1886- ); Research Assoc. Carnegie Inst. of Wash. 

(1904— ). Fell. Am. Acad. Arts and Sci., A. A. A. S., Soc. des Sci., 

Med. et Nat. de Bruxelles; Mem. Nat. Acad. of Sci., Am. Chem, Soc., 
Am. Physiolog. Soc., Am. Soc. of Biol. Chemists (Pres’t, 1910), 

Soc. for Exper. Biol. and Med. P. O. Box 1922, New Haven; Conn. 

Osgood, William Fogg, A.M., Ph.D., LL.D. Prof. Math., Harvard Univ. 

Mem. Am. Math. Soc. (Pres’t, 1904-06), Nat. Acad. Sci. Deut. 

Math.-Verein., Math. Soc., Kharkoff, Calcutta Math. Soc., Circolo 

Mat. di Palermo. Corr. Mem. Gesellschaft der Wiss., Gottingen 

74 Avon Hill St., Cambridge, Mass. 

Osterhout, Winthrop John Vanleuven, A.M., Ph.D. Prof. of Botany, 

Harvard Univ. Fell. Am. Acad. Arts and Sci.; Mem. Bot. Soc. of 

Am., Am. Physiol. Soc., Am. Chem. Soc., Soc. of Exp. Biol. and 

Med., Boston Soc. Nat. Hist. 60 Buckingham St., Cambridge, Mass. 

Pancoast, Henry Spackman, M.A., L.H.D. Mem. Modern Lang. Assoc. 

of Am., Am. Philol. Assoc., Am. Dialect Soc., English Assoc. (Eng- 

land). Spring Lane, Chestnut Hill, Philadelphia. 

1914 

1897 

1887 

1921 

1915 

1917 

1898 
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Parker, George Howard, S.D.* Prof. Zool. and Director of the Zoological 

Laboratory, Harvard Univ. Mem. Nat. Acad. Sci., Am. Zool. Soc. 

(Past-Pres’t); Fell. Am. Acad. Arts and Sci. 16 Berkeley St., 

Cambridge, Mass. 

Paton, Stewart, M.A.. M.D. Lect., Neuro-Biology, Princeton Univ. 

Mem. Am. Soc. Naturalists, Assoc. Am. Anat., N. Y. Acad. Med.; 

Trustee and Mem. of Ex. Comm. Carnegie Inst. of Washington; 
President Eugenics Research Assoc. Princeton, N. J. 

_ Patterson, Christopher Stuart, A.M. 1000 Walnut St., Philadelphia. 

Patterson, Lamar Gray. Mem. Am. Chem. Soc. Perdido Beach, Ala. 

Patton, Francis L., A.M., D.D., LL.D. Formerly President of Princeton 

University. Warwick, Bermuda. 

Paul, J. Rodman, A.M. 505 Chestnut St., Philadelphia. 

Pearce, Richard Mills, Jr., M.D., Sc.D. General Director of Medical 
Division of the Rockefeller Foundation. Mem. Am. Assoc. Patholog. 
and Bact. (Pres’t, 1912), Am. Soc. Exper. Path. (Pres’t, 1914), 

Assoc. Am. Phys., Am. Physiol. Soc. Rockefeller Foundatioy, 61 

Broadway, N. Y. 

Pearl, Raymond, Ph.D., Sc.D., LL.D. Prof. Biometry and Vital Stat., 

. School of Hygiene and Pub. Health, Johns Hopkins Univ.; Statis- 
tician to Johns Hopkins Hosp. Fell. Am. Acad. Arts and Sci.; Mem. 

Nat. Acad. Sci., Washington Acad. Sci.. Am. Soc. Zool. (Pres'’t, 

1913), Am. Soc. of Naturalists (Pres’t, 1916), Soc. of Exper. Biol- 

ogy and Med., Amer. Stat. Assoc. 625 St. Paul St., Baltimore, Md. 

Pender, Harold, A.B., Ph.D. Prof. in Charge Electrical Engineering 

Dep’t, Univ. of Penna. Fell. Am. Acad. Arts and Sci., Am. Inst. 

Elect. Eng. Electrical Engineering Department, University of 

Pennsylvania, Philadelphia. 

Penniman, Josiah Harmar, A.B., Ph.D., LL.D. Prof. English Lit. and 

Vice-Provost, Univ. of Penna. Mem. Modern Lang. Assoc. Am., 

Am. Dialect Soc., English Assoc. of Gt. Br., Nat. Inst. of Social 

Sci.. University of Pennsylvania, Philadelphia. 

Penrose, Charles B., A.M., Ph.D., M.D., LL.D. Prof. Gynecology, Univ. 

of Penna., 1893-00. Pres’t, Zool. Soc. of Phila. 1720 Spruce St., 

Philadelphia. 

Penrose, Richard Alexander Fullerton, Jr, AM., Ph.D. Prof. of 

Economic Geol., Univ. of Chicago, 1892-1911. Fell. Roy. Geog. 

Soc., Geol. Soc. of Am. (First V.-P., 1919), A. A. A. S.; Mem. 

IQII 

1914 

1885 

1898 

1897 

1899 

1914 

1915 

1917 

IQOI 

1909 

1905 
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Soc. Economic Geologists (Pres’t, 1920-21), Geolog. Soc. Wash., 

Wash. Acad. Sci., Mining and Metal. Soc. Am. 460 Bullitt Bldg., 

Philadelphia. 

Pepper, Hon. George Wharton, B.A., LL.B., LL.D., (Penn.); D.C.L. (Univ. 

of the South); LL.D. (Yale); D.Canon Law (Trinity); Senator of 

the U.S. Formerly Professor of Law, University of- Pennsylvania. 

Fell. Am. Acad. Arts and Sci. , 2231 Land Title Bldg., Philadelphia. 

Piersol, George Arthur, C.E., M.D., Sc.D. Prof. of Anat., Univ. of Penna. 

Mem. Am. Assoc. of Anat., Am. Soc. Zool.; Fell. Coll. of Phys., 

Phila. 4724 Chester Ave., Philadelphia. 

Pilsbry, Henry A., ScD. Curator, Acad. of Nat. Sci., Phila. Hon. Mem. 

Soc. Roy. Zoolog. et Malacol. de Belge, Gonchol. Soc. of Gt. Br.; 

For. Corr. Reale Acad. de Ciencias Exactas, Fis. y Nat. (Madrid), 

Corr. Mem. Zool. Soc. of London. Academy of Natural Sciences, 

Logan Square, Philadelphia. 

Price, Eli Kirk, A.B., LL.B. Mem. Am. Acad. Polit. and Soc. Sci. 709 

Walnut St., Philadelphia. 

Prince, Hon..John Dyneley, B.A., Ph.D. Envoy Extraordinary and Min. 

Plenipotentiary to Denmark. Prof. of Slavonic Languages, Colum- 

bia Univ. Fell. N. Y. Acad. Sci.; Mem. Am. Orient. Soc., Soc. 
Bibl. Lit. and Exegesis, Maatschap. der Nederl. Letter., Vorderasiat. 

Gesell. American Legation, Copenhagen, Denmark. 

Pritchett, Henry S., A.B., Ph.D., Sc.D., LL.D., Litt.D. Pres’t of Car- 

negie Foundation for Advancement of Teaching. Formerly Sup’t of 

U. S. Coast and Geodetic Survey, and Pres’t of Mass. Institute of 

Tech. Fell. Am. Acad. Arts and Sci. 399 Park Ave., New York 

City. 

Pumpelly, Raphael, LL.D. Mem. Nat. Acad. Sci., Geol. Soc. Am. (Pres’t, 

1905). Fell. Am. Acad. Arts and Sci. Newport, R. I. 

Pupin, Michael I., Ph.D., Sc.D. Prof. Electro-mechanics, Columbia 

Univ. Fell. Am. Acad. Arts and Sci., N. Y. Acad. Sci.; Mem. Nat. 

Acad. Sci., Am. Phys, Soc., Am. Math. Soc., Am. Inst. Elec. Eng. 

The Dakota, 1 W. 72d St., New York City. 

Ravenel, Mazyck P., M.D. Prof. Bacteriology, Univ. of Miss. Fell. Coll. 

Phys., Phila.; Mem. Am. Assoc. Path. and Bact.; Ass’t Surgeon 

General (Reserve): U. S. Public Health Service; Lt. Col. Med. 

Corps, U. S. Army 1917-19. University of Missouri, Columbia, Mo. 

Rawle, Francis, A.M., LL.B. Mem. American Bar Association (Treas., 

1878-1902; Pres’t, 1902-03). West End Trust Bldg., Philadelphia. 

Election 

1897 

1897 

1895 

1916 

1913 

1899 

1874 

1896 

190 

1808 
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Rea, Samuel, Sc.D; LL.D. Pres’t of the Pennsylvania R. R. Co. Mem. 
-- Am. Acad. Polit. and Soc. Sci., Am. Geolog. Soc., Am. Soc. Civil 

Eng., Arch. Inst. Am., Inst. of Civil Eng. (Lond.). Broad Street 

Station, Philadelphia. 

Reese, Charles Lee, Ph.D., Sc.D. Chemical Director of E. I. duPont 

de Nemours & Co. (1902- ). Fell. A. A. A. S.. Mem. Am. 

Chem. Soc. (Chairman Phila.-Delaware Sec.), Am. Inst. Chem. 

Engrs., Soc. of Chem. Indust. 1600 Brinckle Ave., Wilmington, 

Del. © 

Reid, Harry Fielding, C.E., A.B., Ph.D. Prof. of Dynamic Geol. and 
Geog., Johns Hopkins Univ. Mem. Nat. Acad. Sci., Seismol. Soc. 
of Am. (Pres’t, 1913), Am. Phys. Soc., Assoc. Am. Geog., Washing- 

ton Acad. Sci.; Fell. Geol. Soc. of Am.; Hon. Mem. Soc. Helvétique 

des Sci. Nat. Johns Hopkins University, Baltimore, Md. 

Remsen, Ira, A.B., M.D., Ph.D. (Gétt.), LL.D., D.C.L. Prof. Emeritus of 

Chem. and Pres’t Emeritus, Johns Hopkins Univ. Fell. Am. Acad. 

Arts and Sci.; Mem. Nat. Acad. Sci. (Pres’t, 1901-13), A. A. A. 

S. (Pres’t, 1903), Am. Chem. Soc. (Pres’t, 1902), Soc. of Chem. 

Industry (Pres’t, 1909-10), For. Mem. Chem. Soc. Lond., Hon. Mem. 

Chem. Soc. of France. Medals—Soc. of Chem. Indust. (1904) ; 

Willard Gibbs (Am. Chem. Soc., 1913). Johns Hopkins University, 

Baltimore, Md. 

Rhoads, Charles James, A.B. Gov. of Federal Reserve Bank, Phila. 

(1914-18). Mem. Am. Acad. Pol. and Soc. Sci. ror4 S. Ritten- 

house Sq., Philadelphia, Pa. 

Rhodes, James Ford, LL.D., D.Litt. (Oxford). Mem. Mass. Hist. Soc., 

Am. Hist. Assoc. (Pres’t, 1899), Nat. Inst. Arts and Letters, Am. 

Acad. Arts and Letters, Am. Antig. Soc.; Fell. Am. Acad. Arts and 

Sci., Corr. Fell. Brit. Acad. Medals—Loubat Prize (Berl. Acad. 

Sci., 1901) ; Nat. Inst. Arts and Letters (1910) ; Pulitzer Prize (Co- 

lumbia Univ., 1918). 392 Beacon St., Boston, Mass. 

Richards, Horace Clark, A.B. Ph.D. Prof. Math. Physics, Univ. of 

Penna. Mem. Am. Phys. Soc., Soc. Frang. de- Physique. 4812 Fair- 

mount Ave., Philadelphia. 

Richards, Theodore William, S.B., A.M., Ph.D., Sc.D., Chem.D., M.D., 

LL.D. @Prof. Chem. and Dir. Wolcott Gibbs Mem. Lab., Harvard 

Univ. Mem. Nat. Acad. Sci., Am. Chem. Soc. (Pres’t, 1914), Am. 

Electrochem. Soc.; Fell. Am. Acad. Arts and Sci. (Pres’t, 1919-20), 

Am. Assoc. Adv. Sci. (Pres’t, 1917-18); Hon. Mem. Roy. Inst. 

Chemical Soc. (London), Royal Irish Acad., For. Mem. Royal 

Swedish Acad., Acad. dei Lincei, Royal Society (London), Corr. 

1913 

1922 

IQIO 

1879 

1921 

IQIO 

1907 

1902 
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Mem. Roy. Pruss. Acad. Sci., Royal Bologna Acad. Sci., Brooklyn 

Inst. Arts and Sci. Medals—Nobel Laureate, Chemistry, 1914; 

Davy (Roy. Soc., 1910); Faraday (Chem. Soc., 1911); Willard 

Gibbs (Am. Chem. Soc., 1912); Franklin (Franklin Inst., 1916). 

Wolcott Gibbs Memorial Laboratory, Cambridge, Mass. 

Ricketts, Palmer C., C.E., E.D., LL.D. Pres’t and Director of Rensselaer 

Polytechnic Institute, Troy, N. Y. Mem. Am. Soc. Civ. Eng., Am. 

Soc. Mech. Eng., Am. Inst. Min. Eng., Inst. of Civ. Eng. (Gt. Br.). 

Troy, N. Y. 

Rogers, Robert William, Ph.D., Litt.D., LL.D., S.T.D. Prof. Hebrew and 

Old Test.. Exegesis, Drew Theol. Sem. Fell. Roy. Geog. Soc.; 

Mem. Soc. Bibl. Lit. and Ex., Hon. Mem. Senior Common Room, 

St. John’s College, Oxford, Eng. Madison, N. J. 

Rolfe, John Carew, A.M.; Ph.D. Prof. Latin Lang. and Lit., Univ. 

Penna. Mem. Am. Philol. Assoc. (Pres’t, 1912). 4014 Pine St., 

Philadelphia. 

Root, Hon. Elihu, A.M., LL.D., D.C.L. (Oxford). U. S. Senator (1909- 

15). Member of Permanent Court of Arbitration at Hague; Pres- 

ident Carnegie Endowment for International Peace; Mem. Am. Bar 

Assoc. (Pres’t, 1915) ; Fell. Am. Acad. Arts and Sci.; Hon. Mem. 

Col. Soc. of Mass. Medal—Nobel Laureate, Peace, 1912. r E. 8tst 

St., New York City. 

Rosengarten, George D., B.S., Ph.D. Mem. Am. Chem. Soc. Am. Inst. 
Chem. Eng. (Past-Pres’t). P. O. Box 1625, Philadelphia. 

Rowe, Leo S., A.B., B.S., Ph.D., LL.D. Director-General, Pan-Amer- 

ican Union; Formerly Prof. Pol. Sci., Univ. of Penna. Mem. Am. 

Acad. of Polit. and Soc. Sci. (Pres’t), Am. Soc. Int. Law, Nat. 

Inst. of Soc. Sci., Hon. Mem. Mexican Geog. Soc., Nat. Hist. Soc. 

of Argentina, Hon. Prof. Universidad de San Marcos, Lima, Peru, 

Universidad de Chile and Universidad Nacional de La Plata. Pan- 

American Union, Washington, D. C. 

Russell, Henry Norris, A.M., Ph.D. Prof. Astron. and Dir. of Obs., 

Princeton Univ. Mem. Nat. Acad. Sci., Int. Astron. Union, Nat. 

Research Council (Div. of Phys. Sci), Am. Phys. Soc., Astron. Soc. 

of Am.; For. Assoc. Roy. Astron. Soc. of Lond. Medal—Gold of 

the Royal Astronom. Soc. 79 Alexander St., Princeton, N. J. * 

Sadtler, Samuel P., S.B., Ph.D., LL.D. Prof. Emeritus of Chem., Phila. 

Coll. of Pharmacy. Mem. Am. Chem. Soc., Am. Electro-Chem. Soc., 

Soc. Chem. Industry, Am. Inst. Chem. Eng. (Past-Pres’t). 270 S. 

13th St., Philadelphia, 

Election 

1914 

1890 

1907 

1919 

IQII 

1913 - 

1874 



MEMBERS RESIDING WIT HIN THE UNITED STATES 39 

Date of 
Election _ 

Sajous, Charles E. de M.; M.D., LL.D., Sc.D. Knight of Legion of Honor 
and-of Order of Leopold of laine Fell. Coll. ‘Phys., Phila. 2043 
Walnut St., Philadelphia. 

Sampson, Alden, A.M. Cosmos Club, Washington, D. C. 

Sanders, Richard H., ME. Mem. Am. Inst. Mining Eng., Mining and 

Metallurgical Soc. of Am. 1225 Locust St., Philadelphia. 

Sargent, Charles Sprague, A.B., LL.D. Dir. Arnold Arboretum and Bret; 

of Arboriculture, Harvard Univ. Fell. Am. Acad. Arts and Seis 

Mem. Nat. Acad. Sci., Mass. Soc. for Prom. Agric. (Pres’t), Bor, 

Mem. Linn. Soc.,; Lond., Soc. Nat. de Agric. de France. Jamaica 

Plain, Mass. 

Sauveur, Albert, S.B. Prof. Metallurgy and Metallography, Harvard 

Univ. Fell. Am. Acad. Arts and Sci.; Mem. Am. Inst. of Mining 

Eng. (V.-P., 1910-12), Iron and Steel Inst. of Am., Iron and Steel 

Inst. of Gt. Br., Nat. Inst. of Soc. Sci., Officier de l’Academie. 

Medal—Elliot Cresson (Franklin Inst.). Harvard University, 

Cambridge, Mass. 

Schelling, Felix E., M.A., Litt.D., Ph.D., LL.D. Prof. English Lit., Univ. 

of Penna. Mem. Modern Lang. Assoc. of Am. (Pres’t, 1913-14), 

Am. Inst. Arts and Letters. College Hall, University of Pennsyl- 

' vania, Philadelphia. 

Schlesinger, Frank, B.S., M.A., Ph.D., D.Sc. Director Yale Univ. Obs. 

Mem. Nat. Acad. Sci., Am. Astron. Soc. (Pres’t), For. Assoc. Roy. 

Astron. Soc., Astron. Gesell. Observatory House, New Haven, Conn. 

Schuchert, Charles, M.A., LL.D. Prof..Palaeontology, Yale Univ. Mem. 

Nat. Acad. Sci. Wash. Acad. Sci., Conn. Acad. Sci., Geolog. 

Soc. of Wash., Biolog. Soc., Wash., Geolog. Soc. of Am. (Pres’t, 

1922), Pal. Soc.; Fell. Am. Acad.. Arts and Sci. Yale University, 

New Haven, Conn. 

Schurman, Hon. Jacob Gould, A.M., Sc.D., LL.D.” Envoy Extraordinary 

and Min, Plenipotentiary to China. Late Pres’t of Cornell Univ. 

American Legation, Pekin, China. 

deSchweinitz, George E., AM. M.D., LL.D. Prof. Ophth., Univ. of 
Penna. Fell. Coll. Phys., Phila. (Pres’t; 1910-13); Mem. Am. 

Ophthalmol. Soc. (Pres’t, 1916), Am. Med. Assoc. (Pres’t, 1922), 

Col. R. C., U. S. A. Medal—Alvarenga Prize (Coll. Phys, Phila., 

18096). 1705 Walnut St., Philadelphia. 

Scott, Charles Felton, A.B. Prof. Electrical Eng., Sheffield Sci. School, 

Yale Univ. Mem. Am. Inst. Elect. Eng. (Pres’t, 1902-03), Engin. 

Soc. Western Penna. (Pres’t, 1902). 19 Trumbull St., New Haven, 

Conn. 

1888 

1897 

1897 

1882 

I9IQ 

1902 

IQI2 

t913 

1912 

1808 
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Scott, William Berryman, M.A., Ph.D. (Heidel.), D.Sc. (Harvard and 

Oxford), LL.D. Prof. of Geology, Princeton Univ. Fell. Am. 

Acad. Arts and Sci.; Mem. Nat. Acad. Sci., Geol. Soc. of Am., 

Paleont. Soc. of Am., Corr. Mem. Acad. Nat. Sci., Phila., Geol. Soc., 

Lond., Zoolog. Soc., Lond., Linnean Soc., Lond. Medals—E. K. Kane 

(Geog. Soc. of Phila.) ; Wollaston (Geol. Soc., Lond., 1909). 

Princeton, N. J. 

Seares, Frederic Hanley, B.S. Super’t Computing Div., Mt. Wilson Obs., 

Carnegie Institution. Mem. Nat. Acad. of Sci. Am. Astr. Soc., 

Astr. Soc. of Pacific, Wash. Acad. Sci., Soc. Astron. de France, 

Assoc. Roy. Astr. Soc. Observatory Office, Pasadena, Cal. 

See, T. J. J., A.M., M.Sc., Ph.D. (Berlin). Prof. Math, U. S. N.; 

in charge of Naval Obs., Mare Island, Calif. Fell. Roy. Astr. Soc.; 

Mem. Astr. Gesell., Lond. Math. Soc., Math. Soc. of Edinburgh, 

Am. Math. Soc., Deut. Math. Verein., Soc. Math. de France, Circolo 

Mat. dt Palermo, Calcutta Math. Soc., Wash. Acad. Sci., Philos. 

Soc., Wash., Am. Phys. Soc., Soc. Frang. de Phys., Soc. Astr. de 

France, Brit. Astr. Assoc., Astron. Soc. of Pacific, Calif. Acad. Sci., 
Seismological Soc. of Am., Hon. Mem. Acad. di Sci. Lett. ed Arti 

de Zelantidi Aci-Reale, Sicily, Soc. Astron. de Mexico. Mare 

Island, Cal. : : ; 

Sellers, Coleman, Jr., M.S. Mem. Am. Soc. Mechan. Eng. 3301 Baring 

St., Philadelphia. 

Setchell, William Albert, A.M., Ph.D. Prof. of Botany, Univ. of Calif. 

since 1895. Fell. Am. Acad. Arts and Sci., A. A. A. S., Calif. Acad. 

eof Sci.; Mem. Nat. Acad. of Sci., Wash. Acad. of Sci., Botan. Soc. 

of Am. University of California, Berkeley, Calif. 

Shapley, Harlow, A.M., Ph.D. Director of the Harvard Observatory, 

Cambridge. Fell. Am. Acad. Arts & Sci.; Mem. Astron. Soc. of 

the Pacific, Am. Astron. Soc., Assoc. of Roy. Astron. Soc.; Hon. 

Mem. R. Astron. Soc. of Canada, A. A. V. S. O. Harvard Ob- 

servatory, Cambridge, Mass. 
“ @ 

Sharples, Stephen Paschall, M.S. Fell. Am. Acad. Arts and Sci.; Mem. 

Am. Inst. Mining Eng., Am. Inst. Chem. Eng., Am. Chem. Soc., 

Soc. of Chem. Indus. 22 Concord Ave., Cambridge, Mass. 

Sherwood, Andrew. Corr. Mem. N. Y. Acad. Sci. Rosemont, E. 69th 

St., Portland, Ore. 

Shorey, Paul, A.B., Ph.D., LL.D., Litt.D. Head of Dep’t of Greek, Univ. 

of Chicago (1806- ); Manag. Editor Classical Philology (1908- 

); Roosevelt prof. Berlin (1913-14). Mem. Acad. of Arts and 

Letters. 5516 Woodlawn Ave., Chicago, IIl. 

1886 

1917 

1807 

1899 

1919 

1922 

1882 

1875 

1920 
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Shull, George Harrison, B.S., Ph.D. Prof. Botany and Genetics, Prince- 

ton Univ. (1915- ) ;.Managing Editor of Genetics. Mem. Bot. Soc. 

of Am., Am. Soc. of Naturalists (Pres’t, 1917), Ecolog. Soc. of Am., 

Am, iniectia Assoc. (Ch’m, Plant Section, sei 60 Jefferson Road, 

Princeton, N. J. 

Sigsbee, Charles Dwight. Rear-Admiral U. g Navy. 539 West 112th 

St., New York City. 

Skinner, Henry, M.D., Sc.D. Prof. of Entomol. Penna Horticultural 

Soc. Mem. Am. Entomolog. Soc. (Pres’t), Acad. of Nat. Sci. 

Phila. (Vice-Pres’t) ; Comm. of Nomenclature, Internat. Zoolog. 

Cong.; Hon. Mem. Soc. Cubana de Hist. Nat. “ Felipe Poey.” Box 

41, Narberth, Pa. 

Slipher, Vesto Melvin, A.M., Ph.D. Asst. Dir. Lowell Obs. Fell Am. 

Acad. Arts and Sci. A. A. A. S.; Mem. Nat. Acad. of Sci., Soc. 

Astron. de France, Assoc. of Roy. Astron. Soc. of Lond. Medals— 

Lalande (Paris Acad. of Sci., 1919); Am. Astron. Soc. Flagstaff, 

Ariz. 

Smith, A. Donaldson, A.B. M.D. Medals—Cullum (Am. Geog. Soc.) ; 

Kane (Phila. Geog. Soc.); Patron’s (Roy. Geog. Soc., Lond.). 

Care S. H. Thomas, Esq., 308 Walnut St., Philadelphia. 

Smith, Allen J., A.M., M.D., Sc.D., LL.D. Prof. Path., Univ. of Penna. 
Fell. Coll. Phys., Phila.; Mem. Am. Soc. of Path. and Bact., Corr. 
Mem. Roy. Soc. of Hygiene (Madrid). Medical School, University 

of Pennsylvania, Philadelphia. 

Smith, Edgar Fahs, Ph.D., Chem.D., Sc.D., L.H.D., LL.D., Litt.D. Late Pro- 

vost and Prof. Chem., Univ. of Penna. Fell. A.A. A.S.; Mem. Nat. 

Acad. Sci. Am. Chem. Soc. (Past-Pres’t), Deut. Chem. Gesell. 

Medal—Elliot Cresson (Franklin Inst., 1914). University of Penn- 
sylvania, Philadelphia. 

Smith, Erwin F.; B.S., Sc.D. Path. in charge Lab. of Plant Path., 

U. S. Bureau of Plant Industry: Fell. Am. Acad. Arts and Sci.; 

Mem. Soc. for Plant Morph. and Physiol. (Past-Pres’t), Soc. of 

Am. Bacteriologists (Pres’t, 1906), Botan. Soc. of Am., Am. Phy- 

topath. Soc., Nat. Acad. Sci. Bureau of Plant Industry, Depart- 

ment of Agriculture, Washington, D. C. ° 

Smith, James Perrin, A.M., Ph.D. LL.D. Professor of Palaeontology, 

Leland Stanford Junior Univ., Calif. Mem. Calif. Acad. of Sci. 

1335 Cowper Street, Palo Alto, Calif. 

Smith, Stephen, A.M., M.D., D.Sc., LL.D. Mem. Am. Pub. Health Assoc. 

(Past-Pres’t). z000 Park Avenue, New York City. 

1918 

1899 

1921 

1897 

1907 

1916 

1922 

1875 
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Smith, Theobald, Ph.B., M.D., A.M., LL.D., Sc.D. Dir. Dep't Animal 

Path., Rockefeller Inst. for Med. Research. Mem. Nat. Acad. Sci., 

Assoc. of Am. Phys., Assoc. of Am. Path. and Bact., Soc. for Exper. 

Biol. and Med.; Fell. Am. Acad. Arts and Sci., Hon. Fell. Soc. Trop. 

Med. and Hygiene, Lond.; Hon. Mem. Soc. Path. Exotique, Paris. 

Princeton, N. J. oa 

Smock, John C., M.A., Ph.D., LL.D. Formerly State Geologist of New 
Jersey. Mem. Am. Inst. Mining Eng., Geol. Soc. of Am., pe Soe. 

of Arts, Lond. Hudson, N.Y. 

Smyth, Charles Henry, Jr. A.B., Ph.D. Prof. Geol., Princeton Univ. 

Mem. Geol. Soc. of Am., N. Y. Acad. Sci., Wash. Acad. Sci. Prince- 

ton University, Princeton, N. J. P 

Smyth, Herbert Weir, A.B., Ph.D. (Gétt.). Prof. Greek Lit., Harvard 

Univ. Fell. Am. Acad. Arts and Sci.; Mem. Am. Philol. Assoc. 
(Pres’t, 1904-05), Egypt. Explor. Soc. (Vice-Pres’t). 15 Elmwood 
Ave., Cambridge, Mass. 

Snyder, Monroe B., M.A. rrr Grandview Road, Ardmore, Pa. 

Spitzka, Edward Anthony, M.D. Late Prof. Anat., Jefferson Med. Coll., 
Phila. Former Lieut.-Col., Medical Corps, U. S. A. Med. Rating 

Section, U. S. Veterans’ Bureau, Grand Central Palace, New York 

City, 

Sproul, Hon. William Cameron, B.S., LL.D. Governor of Pennsylvania; 

Senator of Penn. (1896-1919); Chairman of Pa. Hist. Comm. 

(1913-19). 1512 Chestnut St., Philadelphia. 

Squier, George Owen, Ph.D. Maj.-Gen., Chief Signal Officer, U. S. 

Army. Fell. Am. Inst. Elec. Eng.; Mem. Inst. Radio-Eng., Nat. 

Acad. of Sci.; Fell. Physical Soc. of London; Mem. Nat. Research 
Council, Knight Commander St. Michael and St. George, Great 
Britain. Medal—Distinguished Service, U. S. A. War Depart- 

ment, Washington, D. C. 

Steinmetz, Charles P., A.M., Ph.D. Prof. Electro-Physics, Union Coll., 

Schenectady; Chief Consulting Eng., Gen. Electric Co. Fell. Am. 

Acad. Arts and Sci.; Mem. Am. Inst. Elect. Eng. (Past-Pres’t), 

Illum. Eng. Soc., Am. Math. Soc., Am. Phys. Soc., Am. Chem. Soc., 

Soc. of Mech. Efig., English Elect. Eng. Societies. Medal—Elliot 

Cresson (Franklin Institute). Wendell Ave., Schenectady, N. Y. 

Stengel, Alfred, M.D., ScD. Prof. of Medicine, Univ. of Penna. Mem. 

Assoc. Am. Phys., Assoc. of Pathol. and Bact. 1728 Spruce St., 

Philadelphia. 

Stevenson, John James, A.M., Ph.D., LL.D. Prof. Emeritus Geol. New 

York Univ. Mem. Geol. Soc. of Am. (Past-Pres’t), N. Y. Acad. 

IQI5 

1897 

1908 

1908 

1884 

1908 

1920 

1917 

1917 

1903 

1877 
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Sci. (Past-Pres’t), Corr. Mem. Academies’ at Phila., San Francisco, 
Moscow, Halle, Padua, Palermo, Breslau, and of Geol. Societies of 

Edinburgh, Liverpool, Brussels, St. Petersburg and Budapest. 215 

W. rorst St., New York City. 

Stieglitz, Julius, Ph.D., Sc.D. Chairman Dep’t of Chemistry and Dir. 

_ of the Univ. Laboratories, Univ. of Chicago. Mem. Nat. Acad. of 

_ Sei, Am. Acad. of Arts and Sci., Wash. Acad. of Sci., Am. Chem. 

Soc. (Pres’t, 1917), Inst. of Medicine, Chicago (Pres’t, 1918). 

Univ. of Chicago, Chicago, III. 

Stillwell, Lewis Buckley, Sc.D. Mem. Am. Inst. Elect. Eng. (Past- 

'Pres’t), Brit. Inst. Elect. Eng., Am. Soc: Civil Eng., Am. Inst. Con. 

Eng. (Pres’t, 1918 ). 143 Liberty St., New York City. 

Stone, Witmer, A.M., Sc.D. Exec. Curator, Acad. Nat. Sci. Phila. 

Fell. Ornith. Union; For. Mem. Brit. Ornith. Union. Academy of 

Natural Sciences, Logan Square, Philadelphia. 

Stratton, Samuel W., B.S., D.Sc. Director of U. S. Bureau of 

Standards (1901— ); Prof. Physics, Univ. of Chicago (1898-1901). 

Mem. Internat. Comm. on Weights and Measures, Mem. and Sec’y 

National Advisory Comm. for Aeronautics, Mem. Nat. Acad. of Sci., 

Am. Physical Soc., Am. Inst. Elec. Eng., Nat. Research Council, 

Am. Soc. of Mechan. Eng., Am. Soc. of ‘Testing Materials. Medals— 

Elliot Cresson (Franklin Inst., 1912); Public Welfare (National 

Acad. of Sci; 1917). Bureau of Standards, Washington, D. C. 

Straus, Hon. Oscar S., A.M., LL.D., Litt.D. Mem. of Permanent Court 
of Arbitration at the Hague. Formerly Ambassador to Turkey. 

Mem. of Soc. Sci. Assoc. (Past-Pres’t), Am. Soc. Internat. Law. 
Formerly Secretary of Commerce and Labor. 5 W. 76th St., New 

York City. 

Sulzberger, Hon. Mayer, M.A., LL.D., D.H.L. Formerly Pres’t Judge of 
Court of Common Pleas of Penna. Mem. Am. Orient Soc., Am. 

Bar Assoc., Am. Jewish Hist. Soc. 1303 Girard Ave., Philadelphia. 

_Swain, Joseph, M.S., LL.D. President of Swarthmore College (1902- 

21). Mem: Indiana State Teachers’ Assoc. (Pres’t), Nat. Council of 

Education (Pres’t). Swarthmore College, Swarthmore, Pa. 

Swasey, Ambrose, D.Eng., D.Sc. Mem. Am. Astron. Soc., Brit. Astron. 

Soc., Am. Soc. of Mechan. Eng. (Past-Pres’t), Inst. of Mechan. 

Eng. G. B.; Fell. R. Astron. Soc.; Chev. Legion of Honor (1900). 

Medals—World’s Columbian Expos. (1893); St. Louis Expos. 

(1904) ; Jamestown Expos. (1907). 7808 Euclid Ave., Cleveland, 

Ohio. 

Taft, Hon. William Howard, B.A., LL.D., D.C.L. 27th President of 

United States. Chief Justice of U. S. Supreme Court. Kent Pro- 

1919 

1808 

1913 

1904 

1917 

1895 

1918 

1919 

1909 
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fessor of Law, Yale Univ.” Fell. Am. Acad. Arts and Sci.; Mem. 

Am. Bar Assoc. (Pres’t, 1913), Am. Antiq. Soc., Hon. Mem. Colo- 

nial Soc. of Mass. Washington, D. C. 

Taylor, Alonzo Englebert, M.D. Dir. of Food Laboratory, Stanford 

Univ. Stanford University, Calif. 

Tesla, Nikola, M.A., LL.D., D.Sc. 8 W. goth St., New York City. 

Thaxter, Roland, A.M., Ph.D. Prof. Cryptogamic Bot., Emeritus, Har- 

vard Univ. Fell. Am. Acad. Arts and Sci.; Mem. Nat. Acad. Sci., 

Bot. Soc. of Am. (Past-Pres’t), Bost. Soc. Nat. Hist., Am. Phyto- 

path. Soc., Deut. Botan. Gesell., For. Mem. Linnean Soc. Medal— 

Prix Desmaziéres. 7 Scott St., Cambridge, Mass. 

Thayer, William Roscoe, A.M., Litt.D., L.H.D., LL.D. Fell. Am. Acad. 

Arts and Sci., R. Accad. dei Lincei; Mem. Am. Acad. Arts and 
Letters, Nat. Inst. of Arts and Letters, Am. Hist. Assoc. (Pres’t, 

1918-19), Mass. Hist. Soc. (Corr. Sec.), Cambridge Hist. Soc. 

(Pres’t) ; Fell. Am. Acad. Arts and Sci.; Kt. of the Order of the 

Cross of Italy and of the Orders of Saints Maurizis and Lazzaro. 

Medal—Nat. Inst. Arts and Letters ncaa 8 Berkeley St., Cam- 

bridge, Mass. 

Thomson, Elihu, A.M., Ph.D., D.Sc. Consulting Eng., Gen. Electric Co. 

Fell. Am. Acad. Arts and Sci.; Mem. Nat. Acad. Sci., Am. Inst. 

“Elect. Eng. (Past-Pres’t), Am. Astron. Soc., Am. Geog. Soc., Inst. 

of Civil Eng. (Gt. Br.), Hon. Mem. Inst. of Elect. Eng. (Gt. Br.), 

Soc. Int. des Electric. (Paris); Fell. A. A. A. S. Medals—Grand 

Prix (Paris, 1889, 1900); Rumford (1901); John Scott (Frank- 

lin Inst., 1888, 1901); Edison (1909); Elliot Cresson (Frank- 

lin Inst., 1912); Grand Prize Louisiana Purchase Expos. (St. 

Louis, 1904) ; Omaha Expos. (1898); John Fritz (1916); Hughes 

(Royal Society, 1916). 22 Monument Ave., Swampscott, Mass. 

Titchener, Edward Bradford, D.Sc. (Oxon.), Ph.D., (Leipzig), LL.D., 
Litt.D., S.D. Prof. Psych. in Grad. School, Cornell Univ. Fell. 

Zoolog. Soc., Roy. Soc. of Med., A. A. A. S.; Mem. Mind Assoc., 

Aristotelian Soc., Am. Psychol. Assoc. Cornell Heights, Ithaca, 

N.Y. 

Tittmann, Otto Hilgard, D.Sc., LL.D. Formerly Sup’t U. S. Coast and 

Geodetic Survey. Mem. Wash. Acad. Sci. (Pres’t, 1913), Philos. 

Soc. of Wash. (Pres’t, 1899), Astrophys. Soc. of Am., Hon. Mem. 

Berlin. Gesell. fiir Erdkunde. Leesburg, Va. 

Tower, Hon. Charlemagne, A.B., LL.D. Formerly Ambassador to Ger- 

many; Min. Plenipotentiary to Austria-Hungary and Ambassador 

1917 

1806 

1912 

1918 

1876 

1906 

1906 

1895 
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to Russia. Mem. Hist. Soc. of Penna. (Past-Pres’t). Medals—Grand 
Officer, Legion of Honor of France, Grand Cordon, St. Alex. 

Newski, Russia, Grand Cross of Order of Osmanie, Grand Cross of 

_ the Order of Merit, Oldenburg. 228 S. Seventh St., Philadelphia. 

Trelease, William, Sc.D., LL.D. Prof. of Botany, Univ. of Ill. Fell. 

Am. Acad. Arts and Sci.; Mem. Nat. Acad. Sci., Bot. Soc. of Am. 

(Pres’t, 1895, 1918), Am. Soc. of Naturalists (Pres’t, 1903), Acad. 

Sci., St. Louis (Pres’t, 1909-11), Acad. Internat. de Géog. Bot. 

(Pres’t, 1896). University of Illinois, Urbana, IIl. 

Trowbridge, Augustus, A.M., Ph.D. Prof. Physics, Princeton Univ. 

Mem. Nat. Acad. Sci.; Fell. Am. Phys. Soc. Medals—D. S., U. S., 

D. S. O., Gt. Brit. Princeton University, Princeton, N. J. 

Tucker, Richard Hawley, C.E. Mem. Astron. Gesell., Astron. Soc. of 

the Pacific, Mexican Astron. Soc. Lick Observatory, Mt. Hamiil- 

ton, Cal. 

Tyler, Lyon Gardiner, A.M., LL.D. Pres’t Emeritus of William and Mary 

College. Mem. Am, Antig. Soc., Am. Hist. Assoc., Va. Hist. Soc. 

(V.-P.), Corr. Mem. Mass. Hist. Soc. 711 Travelers Bldg., Rich- 

mond, Va. ‘ 

Vauclain, Samuel M., D.Sc. Mem. Am. Soc. Civil Eng., Am. Soc. Min. 

Eng., Am. Soc. Mech. Eng., Soc. Civ. Eng., Lond. 500 N. Broad 

St., Philadelphia. 

Vaughan, Victor Clarence, M.S., Ph.D., M.D., Sc.D., LL.D. Prof. of Hy- 

giene and Phys. Chem., Univ. of Mich. Mem. Nat. Acad. Sci., Soc. 

Francaise d’Hygiéne, Hungarian Soc. of Hygiene, Assoc. Amer. 

Phys.; Late Col. M. C., U. S. A., im charge of Section on Com- 

municable Diseases. Medal—D. S. M., U. S. 2217 S. State St., Ann 

Arbor, Mich. 

Vaux, George, Jr., S.B., LL.D. Gulph Road, Bryn Mawr, Pa. 

Veblen, Oswald, A.B., Ph.D. Prof. of Math. Princeton Univ. Mem. 

Nat. Acad. Sci., Am. Math. Soc., Circolo Matemat. di Palermo, Soc. 

de Mathémat. de France. Princeton, N. J. 

Venable, Francis P., A.M., Ph.D., Sc.D., LL.D. Prof. Chem., Univ. of 

North Carolina. Mem. Amer. Chem. Soc. (Pres’t, 1905), Lond. 

Chem. Soc. Chapel Hill, N.C. 

Wagner, Samuel, A.M. Pres’t Wagner Free Inst. of Science. 209 
Franklin Bldg., 410 S. 15th St., Philadelphia. 

Walcott, Charles Doolittle, ‘Sc.D. (Cantab. and Harv.), Ph.D. (Roy. Fred- 

ericks, Univ. Christiania), LL.D. Sec’y Smithsonian Institution; 

1903 

IQII 

1908 

1889 

1899 

1909 

1912 

1897 
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Director of U. S. Geological Survey, 1894-1907. Mem. Nat. Ad- 

visory Com. for Aeronautics (Chrmn, Ex. Com.), Nat. Research 

Council (Chrmn. Military Sec.), Nat. Acad. Sci. (Pres’t), Trustee - 
Carnegie Inst. of Washington (Chrmn. Ex. Com., Sec’y, 1902-05), 

Wash. Acad. Sci. (Pres’t, 1899-1910), Am. Assoc. Adv. Sci. (V.-P., 
1893), Am. Acad. Arts and Sci., Geol. Soc. of Am. (Pres’t, 1901), 

Geol. Soc. of London; For. Assoc. French Acad. Sci., Christiania 

Sci. Soc., Soc. Géol. de France, Royal Acad. Stockholm, Imp. Soc. 

Naturalists (Moscow), Royal Geog. Soc. (London), R. Acad. Sci. 

del Ist. Bologna, Astron. Soc. Mexico. Medals—Hayden (Acad. 

Nat. Sci. Phila.) ; Bigsby and Wollaston (Geol. Soc. London) ; 

Gaudry (Soc. Géol. France). Smithsonian Institution, Washing- 

ton, D.C. 

Ward, Robert De Courcy, A.M. Professor of Chemistry, Harvard Unie 

Fell. Am. Acad. Arts & Sci. Royal Met. Soc., Corr. Mem. Am. 

Geog. Soc. Mem. Assoc. of Am. Geog. (Pres’t 1917), Am. Met. 

Soc. (Pres’t 1920, 1921), Am. Geophys. Union (Vice Chairman 

Sec. of Met. 1922). 37 Fayerweather Street, Cambridge, Mass. 

Warfield, Ethelbert D., A.M., LL.D., Litt.D. Pres’t of Wilson College. 

Mem. Am. Hist. Soc. Wilson College, Chambersburg, Pa. 

Washington, Henry Stephens, A.M., Ph.D. Petrologist in Geophysical 

Laboratory, Carnegie Institution, Washington. Fell. in Archae- 

ology, Am. School of Classical Studies (1884-94). Late Adviser on 

War Minerals to U. S. Commission in Italy. Geophysical Lab- 

oratory, Washington, D.C. 

Webster, Arthur Gordon, A.B., Ph.D., Sc.D., LL.D. Prof. Physics, Clark 

Univ. Fell..Am. Acad. Arts and Sci., Am. Inst. Elect. Eng.; Mem. 

Nat. Acad. Sci., Am. Phys. Soc. (Pres’t, 1903-05), Am. Soc. Mech. 

Eng., Am. Math. Soc., Deut. Math. Verein., Circolo Matemat., di 

Palermo. Clark University, Worcester, Mass. 

Webster, David Locke, A.B., Ph.D. Professor of Physics, Leland Stan- 

ford Junior Univ. since 1920. Asst. Prof. of Physics, Univ. of 

Michigan 1917-18; on leave after Nov. 1917 for military duty as Ist 

Lt., later Capt. Div. of Science and Research, B. A. P. Asst. Prof. 

of Physics Mass. Inst. of Tech. 1919-20. Fell, Am. Acad, Arts & 
Sci, Mem. Am. Physical Soc. (Councillor 1922-20). P.O. Box 52, 

Stanford University, Calif. 

Welch, William Henry, A.B., M:D., LL.D. Director of School of Hygiene 

and Public Health, Johns Hopkins Univ.; Pres’t State Board of 

Health, Maryland; Board of Scientific Directors, Rockefeller Inst. 

for Med. Research. Fell. Am. Acad. Arts and Sci.; Mem. Nat. Acad. 

Sci. (Past-Pres’t), A. A. A. S. (Past-Pres’t), A. M. A. (Past- 

1922 

1897 

1922 

1906 

1922 

1896 
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Pres’t), Cong. of Am. Phys. and Surg. (Past-Pres’t), Assoc. of Am. 

Phys. (Past-Pres’t), Royal Soc. of Med., Lond., Royal Coll. Phys., 
Edinb. For. Assoc, Acad. de Med. de Paris. Medal—Order of the 

Rising Sun, Japan, 3d cl. 807 St. Paul St., Baltimore, Md. 

Wheeler, William Morton, Ph.D., Sc.D. Prof. Economic Entofmology, 

Bussey Institution for Applied Biology, Harvard Univ.; Hon. Cur. 

of Social Insects, Am. Mus. Nat. Hist. Fell. Am. Acad. Arts and 
Sci.; Mem. Nat. Acad. Sci., N. Y. Acad. Sci., Havana Acad. Sci. 
Bussey Institution, Forest Hills, Boston, Mass. 

White, [Charles] David, B.S. Chief Geologist U. S. Geological Surv.; 

Assoc. Curator in Paleobotany, Smithsonian Inst. Mem. Nat. Acad. 

of Sci., Geol. Soc. of Am., Palaeontological Soc., Botanical Soc. of 

Am., Wash. Acad. of Sci., Corr. Mem. Assoc. Am. Petroleum Geol- 

ogists. U.S. Geological Survey, Washington, D. C. 

White, Israel C., AM., Ph.D., LL.D. State Geologist of West Virginia. 
Mem. Geolog. Soc. of Am., Am. Geog. Soc., Am. Inst. Mining Eng., 

Am. Assoc. of Petroleum Geologists. 141 Willey St., Morgantown, 

West Virginia. 

Whitfield, J. Edward, Ph.D. 406 Locust St., Philadelphia. 

Wilder, Burt G., B'S. M.D. Prof. Emeritus of Neurology and Verte- 

brate Zool., Cornell Univ. Mem. Bost. Soc. Nat. Hist., Am. Neurol. 

Assoc. (Pres’t, 1885), Assoc. Amer. Anat. (Pres’t, 18098); Fell. 

A. A. A. S. (Pres’t, Section B, 1885). 93 Waban Hill Road, Chest- 

nut Hill, Mass. 

Wiley, Harvey W., A.M., S.B., M.D., Ph.D., D.Sc., LL.D. Pres’t U. S. 

Pharmacopoeial Convention. Mem. Am. Chem. Soc. (Past-Pres’t). 

Medals—Elliot Cresson (Franklin Inst.) ; Chevalier du Mérite Agri- 

col.; Chev. de Legion d’Honneur. Cosmos Club, Washington, D. C. 

Williams, Edward Higginson, Jr., B.A., B.S., E.M., Sc.D., LL.D. Mem. 

Am. Inst. Mining and Metallurgical Eng., Geolog. Soc. of Am. 

Westerdale, Woodstock, Vt. 

Williams, Talcott, A.B., A.M., L.H.D., LL.D. Professor of Journalism, 

_ Emeritus (Late Director of School of Journalism), Columbia Univ. 

Mem. Am. Orient. Soc., Am. Acad. Polit. and Soc. Sci. 423 West 

ri7th St., New York City. 

Willis, Bailey, E.M., Ph.D. (Berl.). Geologist, U. S. Geological Sur- 

vey. Prof. of Geology, Stanford Univ.; Fell. Am. Acad. Arts and 

Sci. Medal—Soc. Géog. de France. Stanford University, California. 

Willis, Henry, A.M. Prof. of History, Central High School, Phila, 

Mem. Am. Hist. Assoc. 4036 Baring St., Philadelphia. 

1916 

1921 

1878 

1905 

1878 

1904 

1897 

1888 

1905 

1890 
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Wilson, Edwin Bidwell, A.B., Ph.D. Prof. of Math. and Physics, in 

charge of the Department of Physics, Mass. Inst. of Tech. Mem. 

Am. Math. Soc., Soc. de Mathémat. de France, Deut. Math. Verein., 

Circolo Matemat. di Palermo, Lond. Math. Soc., Am. Phys. Soc., Soc. 

Frang. de Phys., Am. Econ. Assoc., Nat. Acad. Sci.; Fell. Am. Acad. 

Arts and Sci., For. Mem. Royal Soc.; For. Hon. Mem. Benares 

Math. Soc. Massachusetts Institute of Technology, Cambridge, 

Mass. 

Wilson, Harold Albert, M.A. (Cantab.), D.Sc. Prof. Physics, Rice Inst. 

Fell. Royal Soc.; Mem. Cambridge Philos. Soc., Phys. Soc., Lond., 

Soc. Franc. de Phys., Am. Phys. Sec. Rice Institute, Houston, Tex. 

Wilson, James Cornelius, A.M., M.D. Prof. Emeritus of Med., Jefferson 

Med. Coll. Mem. Assoc. Am. Phys. (Past-Pres’t); Fell. Coll. of 

Phys., Phila. (Past-Pres’t). 1509 Walnut St., Philadelphia. 

Wilson, William Powell, B.S., Dr.Sc. (Tiib.). Director of Philadel- 
phia Museums. Mem. Botan. Soc. of Am., Wash. Acad. Sci., Deut. 

Botan. Gesell.; Fell. A. A. A. S. Commercial Museum, 34th St. 

bel. Spruce St., Philadelphia. 

Wilson, Hon. Woodrow, A.M., LL.D., Litt.D. 28th President of United 

States. Formerly President of Princeton Univ. and Governor of 
New Jersey; Fell. Am. Acad. Arts and Sci, Am. Antiq. Soc.; Corr. 
Mem. Mass. Hist. Soc. 2340 S Street, N. W., Washington, D. C. 

Wister, Owen, A.M., LL.D., Litt.D. Fell. Am. Acad. Arts and Sci. roo4 

West End Trust Bldg., Philadelphia. 

Witmer, Lightner, A.M., Ph.D. Prof. Psychology and Director of Psy- 

chological Lab. and Clinic, Univ. of Penna. Mem. Am. Psycholog. 

Assoc. 2426 Spruce St., Philadelphia. 

Wood, Robert Williams, A.B., LL.D. Prof. of Exper. Physics, Johns 

Hopkins Univ. For. Mem,. Royal Society, London, Cor. Mem. 

K6n. Ges. Goéttingen, Solvay Inst., Brussels, British Assoc., Hon. 

Mem. Optical Soc. London; Hon. Fell. Roy. Microscop. Soc.; Mem. 

Nat. Acad. Sci.; Fell. Am. Acad. Arts and Sci., Am. Phys. Soc. 

Medals—Rumford (Am, Acad.) ; Gold, of the Soc. Ital. della Sci- 

enze, Rome (detta dei XL) for Physics in 1918; London Soc. Arts; 

Franklin Inst. Johns Hopkins University, Baltimore, Md. 

Woodward, Robert Simpson, C.E., Ph.D., LL.D., Sc.D. Past-Pres’t Car- 

negie Inst. Washington. Mem. A. A. A. S. (Pres’t, 1901), Am. 

Math. Soc. (Pres’t, 1898-1900), Geolog. Soc. of Am., Am. Phys. Soc., 

N. Y. Acad. Sci. (Pres’t, 1902), Wash. Acad. Sci. (Pres’t, 1915), 

Nat. Acad. Sci.; Fell. Amer. Acad. Arts and Sci. Carnegie Institu- 

tion of Washington, Washington, D. C. 

Election 

1917 

1914 

1887 

1897 

1897 

1897 

1908 

1902 
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Wright, Frederick E., Ph.D. (Heidel.). Petrologist, Geophysical Labo- 

_ ratory, Carnegie Inst. of Washington; Geologist, U. S. Geol. Surv., 
- Fell. Am. Acad. Arts and Sci.; Mem. Am. Phys. Soc., Am. Chem. 

Soc., Geolog. Soc. of Am., Am. Inst. Mining Eng., Wash. Acad. 

Sci. 2134 Wyoming Ave., Washington, D. C. 

Wurts, Alexander J., Ph.B., M.E. Prof. and Head of Dep’t of Electrical 

Eng., Carnegie Inst. of Technology, Pittsburgh. Mem. Am. Inst. 

Elec. Eng. Medal—John Scott (City of Phila.). 1764 Shady Ave., 

Pittsburgh, Pa. . 

Yeatman, Pope, E.M. Mem. Am. Inst. of Mining and Metal. Eng., Min- 

ing and Metal. Soc. of Am., Am. Soc. of Civil Eng., Inst. of Mining 

and Metal. (Lond.), Eng. Soc. of St. Louis. Medal—Mining and . 

Metal. Soc. of Am. (1918). 165 Broadway, New York City. 

Zeleny, John, B.S., Ph.D., B.A. (Cantab.), M.A. Prof. of Physics, Shef- 

field Scientific School, Yale Univ. Mem. Am. Phys. Soc.; Fell. Am. 

Acad. Arts and Sci. 44 Cold Spring St., New Haven, Conn. 

‘“ 

i FOREIGN MEMBERS 

Adams, Frank Dawson, D.Sc., Ph.D., LL.D. Professor of Geology and 

Dean of Faculty of Applied Science, McGill University. McGill 

University, Montreal, Canada. 

Arrhenius, Svante August, Dr.Phil. Juris. et Med. Director of the 

Physico-Chemical Department of the Nobel Institute. Medal—_ 

Nobel Laureate, Chemistry (1903). Nobel Institute, Experi- 

mentalfallet, near Stockholm, Sweden. 

Balfour, Rt. Hon. Arthur James, Earl of, K.G., 0.M., LL.D., D.Cl. Chan- 

cellor of Univs. of Cambridge and Edinburgh. Formerly Lord 

Rector of St. Andrews and Glasgow University; Pres’t of British 

Academy, Lord President of the Council. Whittinghame, Pres- 

tonkirk, England. 

Bonaparte, Prince Roland, D.Sc. Mem. Institut de France, Soc. de 

Geographie (Pres’t). 10 Ave. d’Jena 22, Paris, France. 

Broegger, Waldemar Christofer. Professor of Mineralogy and Geology, 

Kong. Fredericks Universitet. Christiania, Norway. 

Budge, E. A. Wallis, M.A., Litt. British Museum, London, England. 

1914 

1899 

1920 

1915 

1916 

IQII 

IQI7 

1805 

1899 

1895 
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Canizzaro, Tomaso. Villa San Guiseppe 40, Catania, Sicily. 

Capellini, Giovanni. Senator, Professor of Geology and Palaeontology, 

Bologna University. Rue Medal Hayden, 1896, Bologna, Italy. 

deCharencey, Comte Hyacinth. 25 rue Barbet de Jouy, Paris, France. 

Curie, Marie Sklodowska, D.Sc., LL.D. Professor of Physics, Univer- 

sity of Paris. Mem. Acad. des Sci., Paris. Medal—Nobel Laureate, 

Physics (1903); Chemistry (1911). 12 Rue Cuvier, Paris, France. 

Darwin, Sir Francis, Kt., M.A., Sc.D., LL.D., Ph.D. Fell. R. Soc. of 

Lond., Hon. Fell. Soc. Imp. Nat. Moscow; For. Mem. Soc. Holl. 

Sci. Haarlem, Mem. Soc. Nat. Sci. e Math. de Cherbourg, K. Leo- 

pold. Carol. Acad. Halle, Corr. Mem. Imp. Acad. Sci. Petrograd, 

Deut. Botan. Gesell., Senck. Nat. Gesell. Frankfort. zo Madingly 

Road, Cambridge, England. 

Dawkins, Sir W. Boyd, Kt., M.A., D.Sc. Hon. Prof. Palaeontology, Vic- 

toria Univ., Manchester. Fell. R. Soc. of Lond.; Mem. Soc. An- 
throp. Berol. Fallowfield House, Fallowfield, Manchester, England. 

deBar, Hon. Edouard Séve. Ramsgate, England. | . 

Delitzsch, Friedrich, Ph.D. Professor of Assyriology, University of 

Berlin. University of Berlin, Berlin, Germany. e 

Dewar, Sir James, Kt., M.A., LL.D., D.Sc., Ph.D. Prof. of Nat. Experi- 

mental Philosophy, Univ. of Cambridge; Prof. of Chemistry, Royal 

Inst. Fell. R. Soc. of Lond.; For. Mem. Nat. Acad. of Sci., R. 

Accad. dei Lincei, Rome, Acad. Roy. Sci. Belg.; Hon. Mem. Lit. 

and Phil. Soc., Manchester, N. Y. Acad. of Sci., Am. Chem. Soc., 

Philos. Soc. Glasgow; Corr. Mem. Acad. of Sci., Turin; Mem. K. D. 

Vidensk. Selsk., Copenhagen. 1 Scroope Ter., Cambridge, England. 

Engler, Adolph, Ph.D. Professor of Botany, University of Berlin. 

Berlin-Dahlem, Botanischer Garten, Germany. 

d’Estournelles de Constant, Baron. 78 bis Ave. Henri Martin, Paris, 

France. 

Evans, Sir Arthur John, Kt. M.A., D.Litt, LL.D. Hon. Keeper of 

Ashmolean Mus.; Extraordinary Prof. of Prehist. Arch., Oxford. 

Youlbury, Oxford, England. 

Fennell, C. A. M., Litt.D. Mayfield, Great Shelford, Cambridge, Eng- 

land. d 

Forbes, George, M.A. Formerly Prof. of Nat. Philos. in Anderson’s 

Coll., Glasgow. Chev. de la Legion d’Honneur; Fell. R. Soc. of 

Lond.; Mem. Astron. Gesell., Vienna. sf Little College St., West- 

minster, S. W. 1, London, England. ° 

1885 

1873 

1886 

1910 

1910 

1880 

1882 

1904 

1899 

1906 

1907 

1913 

1895 

1801 
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Geikie, Sir Archibald, 0.M., K.C.B., Sc.D., LL.D., D.C.L. Late Director- 

Gen. of the-Geol. Survey of G. B. Fell. R. Soc. Lond. (Past- 
Pres’t) ; Offic. de la Légion d’Honneur; Assoc. Etranger, Inst. de 

France (Acad. des Sci.); Corr. Mem. Acad. of Berlin, Munich. 

Turin, K. Gesell. Wissen. Gottingen; For. Mem. R. Accad. dei Lin- 

cei, Rome, Acad. Petrograd, Vienna, Stockholm, Christiania, Naples, . 

» Am. Acad. Arts and Sci., Nat. Acad. of Sci., Acad. Roy. de Sci. Belg. 

Shepherd’s Down, Haslemere, Surrey, England. 

Glazebrook, Sir Richard Tetley, K.C.B., M.A., Sc.D. Prof. of Aviation, 

Imp. Coll. of Sci. and Tech., London; Late Director of the Nat. 
Phys. Lab. Fell. R. Soc. Lond.; Mem. Inst. Elect. Eng. Caton 

End, 63 Grange Road, Cambridge, England. 

_ de Gregorio, Marquis Antonio. Al Molo, Palermo, Sicily. 

Heyse, Paul J. L. von, Ph.D. Munich, Bavaria. 

Joffre, Josef Jacques Césaire, O.M., G.C.B. Marshal of France; Com- 

mander-in-Chief of the French armies (1915-1917). Mem. Acad. 
_Frangaise. Paris, France. 

Johannsen, Wilhelm L. Professor of Plant Physiology, Copenhagen 

University. The University, Copenhagen, Denmark. 

Jusserand, Jean Adrien Antoine Jules, LL.D. French Ambassador. 

Hon. Fell. R. Soc. of Litt., Corr. Fell. British Academy; Grand 

Officier de la Légion d’Honneur. French Embassy, Washington, 
De. 

Karpinsky, Alexandre Petrovitch. Hon. Director of the Russian Geo- 

logical Survey. Geological Survey, Petrograd, Russia. 

Kitasato, Shibasaburo, M.D. Director of the Kitasato Institute for 

Infectious Diseases. Kitasato Institute for Infectious Diseases, 

Tokyo, Japan. 

Krauss, Friedrich S. wii/2 Neustiftgasse 12, Vienna, Austria. 

Lanciani, Rodolfo, Ph.D., LL.D., D.C.L. Professor of Ancient Topog., 

Univ. of Rome. Senator of the Kingdom. Corr. de l'Institut; Mem. 

Litt. and Phil. Soc. of Manchester, Accad. Sci. dell’? Inst. de France; 

Mem. Accad. dei Lincei, Rome, Accad. di S. Luca, Soc. Roy. d’Arch. 

de Bruxelles. 24 Piazzo Sallustio, Rome, Italy. 

Lankester, Sir Edwin Ray, K.C.B., M.A., D.Sc., LL.D. Late Director of 

Nat. Hist. Dep’t, British Mus.; Emeritus Prof. of Zoology, Univ. 

Coll. London. Fell. R. Soc. Lond.; Hon. Fell. R. Soc. Edinburgh; 

Mem. Inst. de France; Hon. Mem. Soc. de Biol. de Paris, N. Y. 

Acad. of Sci.; Corr. Mem. Acad. Sci. Petrograd, R. Accad. Sci. 

1880 

1895 

1889 

1897 

1903 
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Turin; For. Mem. R. Accad. dei Lincei, Rome, Ital. Soc. of Sci., 

Rome, K. Gesell. Wissen. Gottingen; For. Mem. Nat. Acad. of Sci.; 

Fell. Am. Acad. Arts and Sci. 44 Oakley Street, Chelsea, S. W. 

3, London, England, 

Larmor, Sir Joseph, Kt., M.A., D.Sc., LL.D., D.C.L. Prof. of Mathe- 

matics, Univ. of Cambridge. Fell. R. Soc. of Lond.; Hon. Mem. 

R. Irish Acad.; For. Mem. Nat. Acad. of Sci., R. Accad. dei Lincei, 

Rome; Fell. Am. Acad. Arts and Sci.; Corr. Mem. Ist. di Bologna. 

St. John’s College, Cambridge, England. 

Lodge, Sir Oliver Joseph, Kt., D.Sc. LL.D. Late Principal, Univ. of 

Birmingham. Fell, R. Soc. of Lond.; Mem. Inst. of Elec. Eng.; Hon. 

Mem. Lit. and Phil. Soc. of Manchester, Accad. Sci. dell’ Ist. 
Bologna, Batav. Genoot. Rotterdam. Normanton Lake, Salisbury, 

England. 

Lorentz, Hendrik Antoon. Professor of Physics, University of Leyden. 

Medals—Nobel Laureate, Physics (1902); Copley (Royal Soc. of 

Lond., 1918); Franklin (Franklin Institute of Phila., 1917). 76 
Zylweg, Haarlem, Holland. 

Macallum, Archibald Byron, M.A., M.D., Ph.D., Sc.D., LL.D. Prof. of 

Biochemistry, Univ. of Toronto, Fell. R. Soc. Lond., R. Phil. Soc., 

Glasgow; Assoc. Fell. Coll. of de: Phila. Research Council, Ot- 

tawa, Canada. 

Mackenzie, Arthur Stanley. Pres’t Dalhousie Univ., Halifax, N. S. 

(1911- ); Prof. of Physics, Dalhousie Univ. (1905-10) ; Stevens 

Inst. of Tech. (1910-11). Fell. R. Soc. of Canada, A. A. A. S.; 

Mem. Am. Phys. Soc. Dalhousie Univ., Halifax, Nova Scotia. 

McMurrich, James Playfair, MA., Ph.D., LL.D. Prof. of Anatomy, 

Univ. of Toronto (1907— ); Prof. of Anatomy, Univ. of Michi- 

gan (1894-1907). Fell. R. Soc. of Canada. Anatomical Labora- 

tory, University of Toronto, Toronto, Canada. 

Marconi, Guglielmo, D.Sc., LL.D., Kt. Grand Cross R. Vic. Ord. Senator 

of Italy; Grand Cross Ord. Crown of Italy. Medal—Nobel Lau- 

reate in Physics (1909). Marconi House, Strand, W. C. 2, Lon- 

don, England. 

Mengarini, Guglielmo. Piazza Quirinale 14, Rome, Italy. 

Meyer, Eduard, LL.D., D.Litt., Ph.D. Professor at the University of 

Berlin. Berlin-Gross-Lichterfelte, Mommsenstr. 7, Germany. 

Nansen, Fridtjof, D.Sc., D.C.L., Ph.D., Kt. Grand Cross R. Vic. Ord. 

Prof. of Oceanography, Christiania Univ. (1908- ). Lysaker, 

near Christiania, Norway. 

1913 

IQ0I 

1917 

1899 

1907 

1901 

1898 

1910 

1897 



FOREIGN MEMBERS 53 

Date of 
ee Election 

Néldeke, Theodor, “Ph.D. Professor Emeritus of Semitic Philology, 1906 
University of Strassburg. University of Strassburg, Strassburg, 

Germany. 

Nordenskjéld, Otto, Ph.D. Professor of Geography, University of 1905 

Gothenburg. Gdteborg 3, Sweden. 

Nuttall, Zelia. Hon. Special Assist. of Peabody Mus., Cambridge, 1895 

Mass., etc. Casa Alvarado, Coyoacan S. F., Mexico. 

Onnes, Heike Kamerlingh, Ph.D., D.Sc. Professor of Physics, University 1914 

of Leyden. Medals—Nobel Laureate, Physics (1913); Franklin 
(Franklin Institute of Phila., 1915). Huize ter Wetering, Haaweg, 

Leyden, Holland, 

Ostwald, Wilhelm, D.Sc., LL.D. Professor Emeritus of Chemistry, 1912 

University of Leipzig. Medal—Nobel Laureate, Chemistry (1909). 

Gross-Bothen b. Leipzig, Germany. 

Pefiafiel, Antonio. Callején Betlemitas 8, Mexico, D. F., Mexico. 1886 

Penck, Albrecht F. K., Ph.D., D.Sc. Professor of Geography, Univer- 1908 

sity of Berlin. 7 Georgenstrasse 34, Berlin N. W., Germany. 

Petrie, William Matthew Flinders, D.C.L., Litt.D., LL.D. Prof. of 10905 

Egyptology, London Univ. Mem. R. Anthrop. Inst., R. Irish Acad., 

Ital. Soc. of Anthrop., Soc. of Northern Antig.; Corr. Mem. Soc. 

Arch. de France. 5 Cannon Place, Hampstead, N. W. 3, London, 

W., England. 

Picard, Charles Emile. Professor of Mathematics at the Sorbonne. I910 

4 Rue Joseph Bara VI, Paris, France. 

Poincaré, Raymond. Pres’t of the French Republic (1913-20). Mem. 1918 

French Acad.; Lord Rector, Glasgow Univ. (1914) ; French Premier 

(1911-13). Paris, France. 

Postgate, John Percival, Litt.D. Prof. of Comp. Philol., Univ. Coll. 1886 

London (1880-1908) ; Prof. of Latin, Univ. of Liverpool (1909-20). 

Balfour Library, New Museums, Cambridge, England. 

Prain, Sir David, M.A.. LL.D. Lt. Col. I. M. S. (retired); Director, 1917 

_R. Botanic Gardens, Kew; Late Dir. of Botanic Survey of India and 
Superintendent, R. Bot. Gardens, Calcutta. F. R. S. Lond., Linnean 

Soc.; For. Mem. K. Svenska Vet. Akad. Stockholm, Nat. Acad. of 

Sci., Soc. R. Bot. Belg., Hon. Mem. R. Accad. Sci. Modena, R. Irish 

Acad., Asiatic Soc. of Bengal, Soc. Nat. Moscow, Corr. Mem. Baier. 

Acad. Wissen. Munich, Ned. Bot. Ver. Amsterdam, Soc. d’Ac- 

climat. Paris: Royal Botanic Gardens, Kew, Surrey, England. 
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Richardson, Owen Willans, M.A., D.Sc. Wheatstone Prof. of Physics, 

Univ. of Lond., Kings Coll.; formerly Prof. of Physics, Princeton 

Univ. Medal—Hughes (Royal Soc. of Lond., 1920). 4 Cannon 

Place, Hampstead, N. W. 3, London, England. 

Rutherford, Sir Ernest, Kt., M.A., D.Sc., LL.D., Ph.D. Cavendish Prof. 

of Experimental Physics, Univ. of Cambridge; late Prof. of Physics, 

Univ. of Manchester. F. R. S. Lorid.; Hon. Mem. K. Vet. Soc. 

Upsala, Corr. Mem. R. Soc. Gottingen, Acad. of Sci., Munich, Imp. 

Acad. Sci., Vienna; For. Assoc. Nat. Acad. Sci., Accad. Sci., 

Bologna. Medal—Nobel Laureate in Chemistry (1908). Newnham 

Cottage, Queens Road, Cambridge, England. 

Schuster, Sir Arthur, Kt., Ph.D., Sc.D., Dr.és.Sc., LL.D. Hon. Prof. 

Physics, Univ. of Manchester. F. R. S. Lond.; Mem. R. Inst. of 
Elec. Eng. Yeldall, Twyford, Berks, England. 

Sergi, Giuseppe. Professor of Anthropology, R. Universita, Rome. 

Museo e Laboratorio di Antropologia, Rome, Italy. 

Snellen, Herman, Jr. Professor of Ophthalmology, Rijks University. 

Utrecht, Netherlands. & 

Szombathy, Josef. Keeper of the Anthropologico-Ethnographic Sec- 

tion, K. K. Naturhistorisches Hofmuseum. Burgring 7, Vienna, 

Austria, 

Temple, Sir Richard Carnac, Bart. Lt. Col. R. Scots Fusil. .Mem. R. 

Soc. Arts, R. Asiatic Soc., Asiatic Soc. Bengal, R. Anthrop. Inst. 

The Nash, near Worcester, England. 

Thistleton-Dyer, Sir William Turner, K.C., M.G., M.A., Sc.D., Ph.D., 

LL.D. Director of the R. Bot. Gardens, Kew (1885-1905). The 

Ferns, Witcombe, Gloucester, England. 

Thomson, Sir Joseph John, Kt., O.M., M.A., Sc.D., Ph.D., LL.D. Late 

Prof. of Experimental Physics, Cambridge; Prof. of Physics, Royal 

Inst. F. R. S. Lond. (Pres’t, 1915-20); Fell. Am. Acad. Arts and 

Sci.; Mem. Inst. de France; Hon. Mem. Lit. and Phil. Soc. of Man- 

chester, Royal Dublin Soc., R. Accad. Sci., Turin, K. Vet. Soc., 

Upsala; For. Mem. Accad. Phys. Math., Naples, R. Accad. dei Lincei, 

Rome, K. P. Akad. Wissen., Berlin, Bat. Phil. Soc. Rotterdam, 

R. Acad. Sci., Netherlands, Acad. Sci., Bologna. Medals—Nobel 

Laureate, Physics (1906) ; Copley, Royal, Hughes. Homleigh, West 

Road, Cambridge, England. 

im Thurn, Sir Everard, K.C.M.G., M.A,, LL.D. Mem. of R. Anthrop. 

Inst. (Pres’t, 1919). Cockenzie House, Prestonpans, Scotland. 

1910 

1904 

1913 

1885 

1894 

1886 

1886 

1905 

1903 

1885 | 
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Trevelyan, Rt. Hon. Sir George Otto, P.C., LL.D., D.C.L. Welcombe, 1809 

Stratford-on-Avon; England. 

Tschermak, Gustav v. Professor of Mineralogy and Petrography, K. 1882 

K. Universitet, Vienna, Austria. Universitet, Vienna, Austria. 

Unwin, William Cawthorne, D.Sc., LL.D. Emeritus Prof. of Engineer- 
ing at Central Technical College, City and Guilds of London. Mem. 

Inst. of Civil Eng., Hon. Mem. Inst. of Mining Eng., Am. Soc. of 

Mech. Eng. Palace Gate Mansions, 29 Palace Gate, Kensington, 

S. W., London, England. 

van der Waals, Joannes Diderik, Ph.D. Professor of Theoretical Phys- 

ics, University of Amsterdam. Medal—Nobel Laureate, Physics 

(1910). The University, Amsterdam, Netherlands. 

Volterra, Vito, Ph.D. Professor of Physics, University of Rome. Via 

in Lucina 17, Rome, Italy. 

de Vries, Hugo. Professor of Plant Physiology, University of Amster- 

dam. University, Amsterdam, Holland. 

1890 

1916 

1914 

1903 
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MINUTES. 

Stated Meeting, January 6, 1922. 

Wii B. Scott, Sc.D., LL.D., President, in the Chair. 

The decease was announced of 

Henry Turner Eddy, Ph.D., Sc.D., LL.D., on December 11, 

1921, xt. 77. 

Mr. Alfred Flinn, of New York, read a paper entitled “ Engi- 

neering Research and Vicarious Tests.” 

Stated Meeting, February 3, 1922. 

WituraM B. Scott, Sc.D., LL.D., President, in the Chair. 

The decease was announced of : 

Rt. Hon. James Bryce, Viscount Bryce, O.M., LL.D., D.C.L., 

at Sidmouth, England, on January 22, 1922, et. 84. 

Mr. H. Goodwin, Jr., read a paper entitled “The Meaning of 

Superpower to the Public.” 

Stated Meeting, March 3, 1922. 

Wiu1aM B. Scott, Sc.D., LL.D., President, in the Chair. 

The decease was announced of the following: 

James W. Holland, M.D., at Philadelphia, on February 10, 1922, 

wt. 73. 

John C. Branner, Ph.D., Sc.D., LL.D., at Stanford University, 

on March 1, 1922, zt. 71. 

Dr. Walton Brooks McDaniel read a paper on “ Ancient Sur- 

vivals in Modern Greece and Italy.” 

Stated General Meeting, April 20, 21, and 22, 1922. 

Opening Session, Thursday Afternoon, April 20. 

Hampton L. Carson, M.A., LL.D., Vice-President, in the Chair. 

lll 
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Prof. Paul Shorey and Prof. E. Washburn Hopkins, recently 

elected members, subscribed the Laws and were admitted into the 

Society. 

The following papers were read: 

“Our Contradictory Economic Policy,” by E. M. Patterson, 

Ph.D., Professor of Economics, University of Pennsylvania. 

(Introduced by Prof. Emory R. Johnson.) 

“The Distribution of Human Ability in Europe,” by Ellsworth 

Huntington, Ph.D., Research Associate in Geography, Yale 

University. (Introduced by Mr. Henry G. Bryant.) 

“George Hammond and Robert Liston—British Ministers in 

Philadelphia,” by J. F. Jameson, Carnegie Institution of 

Washington, Department of Historical Research, discussed by 

Mr. Carson and Dr, Hays. 

“The Threefold Trinity,” by E. Washburn Hopkins, Ph.D., 

LL.D., Professor of Sanskrit and Comparative Philology, 

Yale Unies. 

“The Use of Devices for Indicating the Vowel Length in 

Latin,” by John C. Rolfe, Ph.D., Professor of Latin Language 

and Literature, University of Pennsylvania. 

“ A Sketch of the Modern Faeroe Dialect,” by J. Dyneley Prince, 

Ph.D., U. S. Envoy Extraordinary and Minister Plenipoten- 

tiary to Denmark. 

Friday, April 22, 

Executive Session, 10 O’Clock. 

WituiaM B. Scott, Sc.D., LL.D., President, in the Chair. 

Dr. Lawrence J. Henderson, a newly elected member, subscribed 

the Laws and was admitted into the Society. 

The President delivered his Annual Address as follows: 

“Under the new laws of the Society adopted last autumn, it be- 

comes the duty of the Chair to present to the Society at this executive 

meeting a brief report concerning the activities of the Society for the 

preceding year and the state of its property and personnel. 

“The total number of members of the Society on December 31 

last was 476; 402 being residents of the United States and 74 foreign 
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members. Of the American members, 121 reside within 30 miles of 

the hall, which is about 25 per cent. of the total membership; 281 

reside beyond 30 miles of the hall, almost 60 per cent. of the member- 

ship. The foreign membership is about 15% per cent. For some 

years past, by direction of the Society, no foreign members have been 

elected, because ,it was thought that the percentage of such members 

was already too high; and it was resolved that until the number of 

foreign members was reduced to 50 no further additions to the list 

should be made, save in case of unusual emergency. During the year 

18 members died and 15 were elected. 

“During the year eight stated meetings were held, and there was 

One special meeting for the purpose of receiving Madame Curie, who 

had been elected to membership in 1910. She exhibited and de- 

scribed one of the instruments which she and her husband had used 

in accurate measurement of radio-activity. At the same meeting the 

Board of City Trusts of Philadelphia presented to Madame Curie one 

of the John Scott medals and awards. 

“ At the annual General Meeting, in April last, 108 members were 

present and 54 papers were read. The Henry M. Phillips prize of 

$2,000 was awarded to Mr. Qunicy Wright, of Minneapolis, for his 

essay entitled ‘The Control of the Foreign Relations of the United 

States.’ 

“The report of the Curators is to the effect that the collections 

of the Society, both in the building and those which are deposited 

elsewhere, are in good condition. 

“The Treasurer’s report has been printed and distributed for 

your information. It may be briefly summarized as follows: 

“The assets in the Treasury, at par, of securities is $310,000, 

one half of which belongs to the general fund and the other half to 

special funds. The securities are in the custody of the Pennsylvania 

Company for Insurance on Lives and Granting Annuities, as our 

agent for the collection of income. 

“The general income of the Society, for other than trust fund 

purposes, is about $13,000. 

“The Building Fund, which is in the hands of the Girard Trust 

Company, as Trustee, amounted at the last report to $72,216. The 
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income of this fund is added to the principal as it accrues. Since 

this report the Society has received a legacy from the estate of our 

late member, Ferdinand J. Dreer, of $3,537.46, which the Society has 

voted should be added to the Building Fund, bringing this up to 

about $75,750. 

“The Publication Committee has been much hampered by the 

strike of the printers, which has affected nearly the whole country. 

Two numbers of the Proceedings were published in 1921, and two 

other numbers, completing the volume, were published early in 1922. 

Under the new laws, the committee has appointed Dr. Alexander C. 

Abbott to be the Editor of the Society’s publications. : 

“The question of scientific publication is one of the most difficult 

problems which scientific men have to face at the present time. All 

avenues of such publication are choked with contributions which de- 

serve publicity, but which can not have it under present conditions. 

Of especially distressing urgency is the question of adequate illustra- 

tions for the papers published. The extravagantly inflated prices 

which have been brought about by the war make such illustrations 

almost unattainable, and lithographic plates are only for multimil- 

lionaires. In my judgment, the Society could do nothing so service- 

able to science in this country as raising a fund which should enable — 

it to increase its publications extensively, and especially to provide 

suitable and proper illustrations. This service to our scientific public 

would be well rewarded in the increase of the Society’s prestige and 

reputation, 

“The Library Committee reports the total number of volumes in 

the Library at the end of 1921 to have been 69,687, of which the 

accessions of the year were 960 volumes. In addition to these, there 

are 4,069 maps. There are sent to the Library 1,833 serial publica- 

tions, of which 1,255 are received in exchange for the Society’s pub- 

lications. The subscriptions and exchanges for all countries, with 

the exception of Russia and the Balkan States, have been resumed; 

the gaps created by the war have been largely filled up and measures 

are being taken to fill the gaps that still remain. 

“This gives you in brief form a statement of the Society’s activi- 

ties and plans; and I would, in closing, particularly urge upon you 

the necessity of doing something to increase publication and provide 
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illustrations. The Society has largely increased the sum to be devoted 

to publication in the ensuing year, but this will do nothing more than 

put us back where we were before the inflation of prices began, and 

does nothing to increase our facilities. This, I take it, is the most 

important problem that we have to solve.” 

Morning Session, 10.45 O'Clock. 

The following papers were read: 

“Nove as Variable Stars,” by E. E. Barnard, D.Sc., LL.D., 

Professor of Practical Astronomy, University of Chicago, 

Astronomer of Yerkes Observatory. 

“The Message of a Meteorite,” by Monroe B. Snyder, of the 

Philadelphia Observatory. 

“The Effect of Diurnal Variation of Clock Rates Upon Longi- 

tude Work,” by R. H. Tucker, C.E., Lick Observatory, Mt. 

Hamilton, California, discussed by Prof. Ernest W. Brown. 

“Discussion of a Kinetic Theory of Gravitation, II.; and Some 

New Experiments in Gravitation. Second Paper,” by Charles 

F. Brush, Sc.D., LL.D., Cleveland. 

“Absorption Spectra and Ionization Potential in Dissociated 

Gases,” by Karl T. Compton, Ph.D., Princeton University. 

(Introduced by Dr. Augustus Trowbridge.) Discussed by 

Profs. Goodspeed and Snyder. 

“Recent Developments in Vacuum Tubes and Their Use,” by 

J. H. Morecroft, Columbia University, New York. (Intro- 

duced by Dr. A. W. Goodspeed.) 

“A Primary Standard of Light,” by Herbert E. Ives, Ph.D., 

New York City. 
“Surface Equilibrium of Certain Colloid Solutions,’ by P. 

Lecomte du Noiiy, M.D., of the Rockefeller Institute. (In- 

troduced by Dr. Carrel.) Discussed by Prof. Scott. 

Afternoon Session, 2 O’Clock. 

Hampton L. Carson, M.A., LL.D., Vice-President, in the Chair. 

Messrs. Douglas Campbell, John J. Carty, and Moses Gomberg, 

recently elected members, subscribed the Laws and were admitted 

into the Society. 
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The following papers were read: ; 

“ Notes on the Ecology of the Clovers (Trifolium),” by John W. 

Harshberger, A.B., Ph.D., Professor of Botany, University of 

Pennsylvania. 

“The Cytoplasm in Development and Heredity,” by E. G. Conk- - 

lin, Ph.D., Sc.D., Professor of Biology, Princeton University. 

“The Supposed Serial Arrangement of the Genes, and its Rela- 

tion to Theories of Crossing-over in Inheritance,” by H. S. 
Jennings, Ph.D., LL.D., Professor of Zodlogy and Director of 

the Zodlogical Laboratory, Johns Hopkins University. 

“The Relation of the Retinal Image to Animal Reactions,” by 

G. H. Parker, S.D., Prof. of Zool., Harvard Univ. 

“ Parallel Mutations in C£nothera,” by George H. Shull, B.S., 

Ph.D., Professor of Biology, Princeton University. 

“Some Climatic and Topographic Characters in the Rings of the 

Yellow Pines and Sequoias of the Southwest,” by A. E. Doug- — 

lass, D.Sc., Director of Steward Observatory, University of 

Arizona. (Introduced by Dr. D, T. MacDougal.) 

“The Probable Action of Lipoidals in Growth,” by D. T. Mac- 

Dougal, M.A., Ph.D., LL.D., Director of the Department of 

Botanical Research, Carnegie Institution of Washington, Tuc- 

son, Arizona, discussed by Dr. Ernest W. Brown. 

“A Possible Explanation of Eocene Climates,” by Edward W. 

Berry, Professor of Paleontology, Johns Hopkins University. 

Friday Evening. 

Mr. Vernon Kellogg spoke on “The Power and Impotence of 

Man.” 

Saturday Morning, April 22. 

Executive Session, to O’Clock. 

WituraM B. Scort,. Sc.D., LL.D., President, in the Chair. 

Prof. Edward Capps and Dr. T. B. Osborne, recently elected 

members, subscribed the Laws and were admitted into the Society. 

The Society proceeded to the election of Officers and Councillors 
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_ for the ensuing year and for members, and the Tellers subsequently 
reported the following as having been elected: 

nn 
—— 

President. 

William B. Scott. 

Vice-Presidents. 

Arthur A. Noyes, 

Henry Fairfield Osborn. 

Hampton L, Carson, 

Secretaries. 

Arthur W. Goodspeed, 

Harry F. Keller, 

John A. Miller. 

Curators. 

William P. Wilson, 

Henry H. Donaldson. 

Treasurer. 

Eli Kirk Price. 

Councillors. 

(To serve for three years.) 

Lafayette B. Mendel, 

Herbert S. Jennings, 

William W. Campbell, 

Robert A. Millikan. 

(To fill an unexpired term in the class of 1920.) 

Felix E. Schelling. 

Members. 

Residents of the United States. 

Charles Elmer Allen, Ph.D., Madison, Wis. 

Rollins Adams Emerson, Sc.D., LL.D., Ithaca. 
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Worthington C. Ford, A.M., Litt.D., Cambridge, Mass. 

Frederick E. Ives, Philadelphia. 

Irving Langmuir, Ph.D., Schenectady, N. Y. 

Roland S. Morris, A.B., LL.D., Philadelphia. 

George William Norris, A.B., M.D., Philadelphia. 

Charles Lee Reese, Ph.D., Wilmington, Del. 

Harlow Shapley, Cambridge, Mass. 

Henry Skinner, M.D., Philadelphia. 

James Perrin Smith, A.M., Ph.D., LL.D., Palo Alto, Calif. 

Charles Cutler Torrey, A.M., Ph.D., D.D., New Haven. 

Robert De Courcy Ward, A.M., Cambridge, Mass. 

Henry Stephens Washington, A.M., Ph.D., Washington. 

David Locke Webster, Stanford University, Cal. 

The resignation of Dr. W. M. L. Coplin was received and ac- 

cepted. 

Morning Session, 10.30 -O’Clock. 

WittrAM B. Scott, Sc.D., LL.D., President, in the Chair. 

The following papers were read: 

“Hyracodonts from the Big Badlands of South Dakota,” “The 

Small Entelodonts of the White River Oligocene,” by W. J. 

Sinclair, Ph.D., Department of Geology, Princeton, N. J. 

(Introduced by Prof. W. B. Scott.) Discussed by Prof. 

Scott. 

“Lithology of the White River Sediments,” by H. R. Wanless, 

Princeton University. (Introduced by Prof. C. H. Smyth.) 

“Lava Domes and Their Composition in the Malay Archipelago,” 

by H. A. Brouwer, M.I., Professor of Historic Geology and 

Paleontology, Technical High School, Delft, Netherlands; Ex- 

change Professor at Univ. of Michigan. (Introduced by 

Prof. W. B. Scott.) 

“ Application of Biophysical Researches to Medical Problems,” 
by George W. Crile, M.D., and Hugo Fricke, Ph.D., Cleve- 

land. 

“Experiments in Epidemiology,’ by Simon Flexner, M.D,, 

D.Sc., LL.D., Director of Laboratories, Rockefeller Inst. for 

Medical Research. 
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“Fishes Used in Guayaquil for Mosquito Control Against Yel- 

_ low Fever,”~by Carl H. Eigenmann, Ph.D., Professor of 

Zoology, Indiana University. 

“The Carbonic Acid of the Blood in Health and Disease,” by 

Lawrence J. Henderson, M.D., Asst. Professor of Biological 

Chemistry, Harvard Medical School. 

“Some Recent Experiments Concerning the Nature of the Func- 

tion of the Kidney,” by A. N. Richards, M.D., University of 

Pennsylvania. (Introduced by Dr. H. H. Donaldson.) 

“The Biblical Manna,” by Paul Haupt, Ph.D., LL.D., Professor 

of Semitic Languages, Johns Hopkins University. 

Afternoon Session, 2 O’Clock. 

Wituram B. Scort, Sc.D., LL.D., President, in the Chair. 

Prof. Wilder D. Bancroft, a recently elected member, subscribed 

the Laws and was admitted into the Society. 

The President announced the award of the Magellanic Premium 

to Paul R. Heyl and Lyman J. Briggs, of the U. S. Bureau of 

Standards, for the invention of “The Earth Inductor Compass,” and 

presented to them the Magellanic Gold Medal. 

Messrs. Heyl and Briggs exhibited a model of the compass and 

described it, and Lieutenant J. Parker Van Zandt, official representa- 

tive of the U. S. Army Aviation Service, made some appreciative re- 

marks on the invention. 

The President made the following remarks on the retirement of 

Dr. Hays from the Secretariat after a continuous service of twenty- 

- five years: 

“The members of the Society will have noted, with feelings akin 

to dismay, that for the first time in many years the name of Dr. I. 

Minis Hays is absent from the list of Secretaries, Dr. Hays having 

retired in spite of the many urgent requests that he should continue 

in office. 

“Tt is difficult to understand what the Society can do without Dr. 

Hays, for he has been its mainspring and driving force for years past. 

The Society was in a moribund, or at least a comatose, condition when 



xli MINUTES. 

he began his work; and Dr. Leidy about that time described it to me 

as an example of ‘how a Society that pretended to demand some 

measure of distinction from those whom it elected to membership was 

doomed to sterility and inactivity by that very fact.’ Now this has 

all been changed; and the annual General Meeting of this Society, 

which was inaugurated on Dr. Hays’s suggestion, is universally re- 

garded as of great importance. The late Professor Pickering, when 

Vice-President of the Society, once remarked from this chair that 

this annual meeting had become, in his opinion, the most important 

and the most interesting scientific event of the year. 

| “All this we owe to Dr. Hays, and it is fitting that the Society 

should recognize his invaluable services. I will therefore call upon 

the Secretary to read the Resolution which he has prepared for this 

occasion.” 

Secretary Goodspeed offered the following minute: 

“Whereas we have all known for some time of the intended 

retirement at this time of our senior Secretary and Librarian, Dr. 

I. Minis Hays, and ; 

“ Whereas we are all deeply impressed with the inestimable value 

of his long and faithful service to our honorable Society, we, the 

- members, hereby unite to record our deep appreciation of all Doctor 

Hays has done to forward the interests of the Society, and our sin- 

cere regret that he is to be no longer with us in his former official 

capacity, together with our earnest desire that he may yet for many 

years remain our willing adviser in the conduct of the affairs of the 

Society.” 

This minute was duly seconded and unanimously adopted. 

The following papers were read: 

“Description of Earth Inductor Compass,” by Paul R. Heyl and 

Lyman J. Briggs. (Introduced by the President.) 
“ Symposium on the Age of the Earth,” 

“From the Geological Viewpoint,” by T. C, Chamberlin, 

Se.D., LL.D., Professor of Geology and Director of the 

Walker Museum, University of Chicago. 
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“From the Palzontological Viewpoint,’ by John M. Clarke, 

Ph.D., Sc.D., LL.D., Director of the Department of Science 

and State Museum, Albany, N. Y. 
- “From the Astronomical Viewpoint,” by Ernest W. Brown, 

M.A., Sc.D., Professor of Mathematics, Yale University. 

“From the Radioactive Viewpoint,’ by William Duane, Pro- 

fessor of Biophysics, Harvard Medical School. 

Special Meeting, May 5, 1922. 

WiitraM B. Scott, Sc.D., LL.D., President, in the Chair. 

Hon. Roland S. Morris and Mr. Frederick E. Ives, newly elected 

members, subscribed the Laws and were admitted into the Society. 

Letters accepting membership were received from: 

Charles Elmer Allen, Ph.D., Madison, Wis. 

Rollins Adams Emerson, Sc.D., LL.D., Ithaca. 

Worthington C. Ford, A.M., Litt.D., Cambridge. 

Frederick E. Ives, Philadelphia. 

Roland S. Morris, A.B., LL.D., Philadelphia. 

George W. Norris, A.B., M.D., Philadelphia. 

Charles Lee Reese, Ph.D., Wilmington. 

Robert DeC. Ward, A.M., Cambridge. 

Prof. C. B. Bazzoni and Mr. Raymond Morgan, of the University 

of Pennsylvania, read a paper upon “ Wireless Telephony and the 

Popular Use of the Radiophone in the Diffusion and Reception of 

Vocal and Instrumental Sounds, with Experiments,” which was dis- 

cussed by Prof. Snyder. 

Stated Meeting, November 3, 1922. 

WituiuaM B. Scort, Sc.D., LL.D., President, in the Chair. 

The Patron, His Excellency the Governor of Pennsylvania, was 

present and took his seat on the platform. 

Dr. Henry Skinner, a newly elected member, subscribed the Laws 
and was admitted into the Society. 

Letters accepting membership were received from: 

Irving Langmuir, Ph.D., Schenectady, N. Y. 
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Harlow Shapley, A.M., Ph.D., Cambridge. 

Henry Skinner, M.D., Philadelphia. 

James Perrin Smith, A.M., Ph.D., LL.D., Palo Alto, Calif. 

Henry S. Washington, A.M., Ph.D., Washington. 

David Locke Webster, A.B., Ph.D., Stanford Univ. 

A letter was received from Dr. Charles C. Torrey, of New Haven, 

declining election. 

The following letter from the Marquis Antonio de Gregorio was 

read: 

PALERMO V1A MOLO 132. 
Very Honored Sir: 

I pray you to be so kind to insert in the PRocEEDINGS oF A. 
PuiLosopH. Society this little paragraph on Gravitation and accept 
my best regards. 

Maroguis ANT. DE GREGORIO, 

Cor. Member of A. Ph. Soc. 

On GRAVITATION’S KINETIC THEORY. 

I have read with much interest the communication of Mr. Charles 
F. Brush on the Kinetic Theory of Gravitation (Proc. AMERIC. 
PuitosopH. Soc., Vol. LX., No. 2, p. 43). But I must observe that 

already in 1892 I proposed the same theory to the Academy of Sci- — 
ences of Palerme. My work has the title “Sul Continuto della 
Spazio e sulla causa della gravitazione.” It has been published in a 
volume “Nuovi Strumenti fisici e sulla piu probabile origine del 
nostro sistema stellare”’ (Palermo 1893) that has been published in 
the memoirs of our Academy of Sciences in Palerme. After many 
years, in 1914, I presented a work to the Societa Siciliano di Scienze 
Naturali upon the mere cosmogonic theories (Sulle nuove teorie 
cosmogoniche, sull’ origine della materia). In this work, which has 
been published in the Naturalista Siciliano (April 1914) I have again 
discussed and elucidated and cleared this theory. I said that if there 
are two masses, they shall be pushed each toward the other by the 
difference of pression (tension) of ether, because the tension of ether 
is different in the space and in portion of it interposed between the 
two masses. So the two corps shall be converse each toward the 
other. I have considered ether as passing through the matter, but I 
observe that matter absorbs some part of its energy and transforms 
it: Radium phenomena are perhaps some of the manifestations of it. 
I considered matter not as a dead thing but as a living thing. 
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In 1921 M. Olinto De Pretto formulated a theory on gravitation 
that reproduced in part my theory, but he did not cite my work! He 
published a book “Lo spirito dell’ Universo” (Turin 1921) in which 
he attributes gravitation to ether’s action. In the review Urania that 
is published in Turin (x, n. 2, p. 75) there is a recension of it. 

Gravitation is a most important natural phenomenon but hitherto 
unfortunately problematic. The work of Mr. Brush is valuable and 
commendable and his experiments are very instructive. But I think 
that my work is not to be neglected because it contains the priority 
of the theory and the foundation of the new conception of gravitation. 

Marouis ANTONIO DE GREGORIO. 

PALERMO, JULY 20, 1922. 
Siciry, ITALY. 

The decease was announced of the following members: 

Alexander Graham Bell, LL.D., Ph.D., Sc.D., M.D., near Bad- 

deck, N. S., on August 2, 1922, xt. 75. 

Herman Diels, Ph.D., at Berlin, on June 4, 1922, et. 74. 

Merrill E. Gates, LL.D., at Littleton, N. H., on August 11, 1922, 

zt. 74. 

Waterman T. Hewett, B.A., M.A., Ph.D., at London, England, 

on September 13, 1921, zt. 75. 

Henry Marion Howe, A.M., LL.B., LL.D., Sc.D., at Bedford 

Hills, N. Y., on May 14, 1922, zt. 75. 
Jacobus Cornelius Kapteyn, at Amsterdam, Holland, on June 18, 

1922, xt. 72. 

Alfred G. Mayer, M.E., Sc.D., in Florida, on June 25, 1922, 

et. 54. 

Joseph T. Rothrock, B.S., M.D., at West Chester, Pa., on June 2, 

1922, zt. 83. 

Coleman Sellers, Jr., M.S., at me Mawr, Pa., on August 15, 

1922, xt. 70. 

Stephen Smith, M.D., at Elmira, N. Y., on August 26, 1922, 

zt. 99. 

Edward Anthony Spitzka, M.D., at Mt. Vernon, N. Y., on Sep- 

tember 6, 1922, zt. 46. 

Ambrose B. Wyckoff, A.B., Lieut. U. S. N., at Ontario, Cali- 

fornia, on May 30, 1922, et. 74. 



Xvi MINUTES. 

Dr. John A. Miller read a paper on “ The Rome Meeting of the 

International Astronomical Union,” which was discussed by Prof. 

Snyder, Governor Sproul, President Scott, and Dr. W. W. Keen. 

Stated Meeting, December 1, 1922. 

Wri B. Scott, Sce.D., LL.D., President, in the Chair. 

Mr. Charles Lee Reese, a newly elected member, subscribed the 

Laws and was admitted into the Society. 

The following communication from Mr. Charles F. Brush, in 

reply to the letter of the Marquis de Gregorio, was read: 

Through the courtesy of the Secretaries, it has been my privilege 
to read the letter of the Marquis de Gregorio and to offer such 
remarks as seem fitting. 

Gregorio contributed.a number of very interesting papers on many 
scientific subjects under the general title “Su Taluni Nuovi Stru- 
menti,” etc., published in the Atti della Reale Accademia, Palermo, 

1895. : 
_ Professor Borgerhoff, of Western Reserve University, has very 
kindly prepared for:me a careful translation of all of these papers, 
giving special attention to the last chapter, “On the Contents of Space 
and the Cause of Gravitation” (pp. 177-181). 

I have studied this paper very carefully, and following is my 
understanding of its meaning: Gregorio assumes the ether to be 
everywhere in a state of “tension” (very evidently using this term 
in the sense of pressure) normally uniform. He says bodies of 
matter absorb ether, somewhat as spongy platinum absorbs gases, and 
the absorbed ether is rendered inactive or latent, analogous to latent 
heat. Different kinds of matter absorb different amounts of ether, 
and their densities depend on the amounts of ether absorbed. The 
free ether outside a body exerts pressure, not on the matter compos- 
ing the body, but on the condensed or latent ether within it. 

Absorption of ether by a body of matter reduces the “ tension” 
(pressure) of the ether surrounding the body in proportion to the 
amount of ether absorbed. Two neighboring bodies will have less 
ether pressure against their parts facing each other than against their 
parts turned away from each other, and they will be urged toward 
each other by the superior ether pressure on the sides turned away. 

Gregorio continues: “Instead of explaining the phenomenon” 
(gravitation) “by means of an absorption, one might also explain it 
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by means of a rotary molecular vibration. To this end we may sup- 
pose that ether is in a state of continual special vibration determining 
its tension, and that this vibration is decreased by its passage through 
the molecular interstices of the matter. The contrary might, how- 
ever, be supposed, and this would appear more plausible, viz., that 
the phenomenon is caused by the vibration of the atoms composing 
the matter, and that the tension of the outside ether is transformed 

by the molecular vibration of the bodies. This seems to me the more 
plausible opinion.” 

In neither his ether-absorption theory nor his alternative hypoth- 
eses does Gregorio explain how the supposed diminution of ether 
pressure outside bodies of matter is maintained after absorption of 
ether has ceased: and indeed this seems to me impossible of explana- 
tion. Nor does he offer any suggestion of the source of the energy 
acquired by falling bodies. 

My own “ Kinetic Theory of Gravitation,” + put forth in Decem- 
ber, 1910, is based on two fundamental concepts of the ether of space: 
First, that the ether is endowed with vast intrinsic energy—energy 
quite apart from matter—free energy. This was then and is now the 
belief of many eminent physicists. Second, that some, perhaps all, 
of the ether’s intrinsic energy exists in wave form of some sort capa- 
ble of motive action on matter, and propagated in every conceivable 
direction, so that the wave energy, or energy flux, is isotropic; and 
whereby a disturbance of any kind, anywhere in the ether, is in due 
time felt everywhere else, the intensity of disturbance diminishing 
with the inverse square of distance from its seat. 

The last concept above I believe to be original with me. I find 
nothing of it in Gregorio’s paper, but it is essential to my theory. 

In his more recent paper, 1914, Gregorio reaffirms his 1892 theory 
of ether pressure and ether absorption by matter, and seeks to “ de- 
velop my idea further” in the light of more recent discoveries in 
physics. He now regards the ether as a “dynamic fluid” composed 
of “imponderable particles, extremely minute, of the condensed fluid 
itself,” which he calls “superatoms.” He says further that “the 
actions of magnetic and electric currents” clearly prove “that an 
imponderable fluid can generate energy and, as it were, transform 

- itself into energy.” 
Again I find sothing of the second, and essential, postulate of my 

own theory. 
Cuar es F. BrusH. 

CLEVELAND, 
November, 1922. 

1 Science, March 10, 1911; Nature, March 23, 1911; Proc. AMER. Putt. Soc., 
Vol. LIIL., No. 213, Jan—May, 1914; Proc. Amer. Pum. Soc., Vol. LX., No. 
2, 1921. 
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Prof. William Duane read a paper on “The Activities of the 

Radium and X-Ray Plants of the Cancer Commission of Harvard 

University,” which was discussed by Doctors Keller, Keen, Good- 

speed, and Reese. na 

The dates of the General Meeting of 1923 were fixed for April 19, 

20, and 21. 



PROCEEDINGS 

OF THE 

AMERICAN PHILOSOPHICAL SOCIETY 

HELD AT PHILADELPHIA 

FOR PROMOTING USEFUL KNOWLEDGE 

A POSSIBLE EXPLANATION OF UPPER EOCENE 

CLIMATES. 

By EDWARD W. BERRY. 

(Read April 21, 1922.) 

No single problem has awakened more interest among geologists 

and botanists than the climatic significance of the fossil floras discov- 

ered in Arctic lands. This interest, although losing some of the zest 

of novelty, has remained unabated since the first announcements by 

Professor Heer nearly two generations ago, down to the present. A 

great variety of hypotheses have been advanced to explain their ap- 

parent anomalous distribution. These range all the way from Neu- 

mayr’s naive suggestion that organisms have completely changed their 

environmental requirements during the ages to the thesis recently 

advanced by Knowlton? that Cretaceous and Tertiary climates, as well 

_as those of earlier geologic periods, were controlled by earth heat, and 

were not subject to solar control, as they are at the present time. — 

Everyone will, I think, admit that the faunal and floral evidence 

throughout the major part of geologic time, in so far as it is known, 

indicates a greater uniformity of climatic conditions and less contrast 

between high and low latitudes than exists at the present time. There 

are few, however, who will deny that there were contrasts at all times 

between high and low latitudes. Throughout most of known geologic 

time climatic zones appear less marked than now, and I believe that 

we can rely on the validity of appearances on this point. There are, 

however, several times in the past when climatic zones were sharply 

marked, and all of these were at times of land extension and sea 

1 Knowlton, F. H., Geol. Soc. Amer., Bull., Vol. 30, pp. 499-566, 1920. 

PROC. AMER. PHIL. SOC., VOL. LXI, A, AUG, 16, 1922. 
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restriction, as shown by the recurrent periods of glaciation, beginning 

in pre-Cambrian time, of which that of the lower Permian was more 

extensive than that of the familiar Pleistocene. 

Climatic zones may also have been marked during the times of 

land emergence, when marine deposits were largely withdrawn from 

the area of the present land surface of the globe, which events have 

in general furnished the basis for what are regarded as the systemic 

rock and time boundaries of geology. If this possibility could be 

proved it would help to explain the numerous examples of extinction 

and evolution that emphasize the geologic time table, and it would 

obviously leave few available marks in the record of life or in the 

sediments now available for study. 

I have always been intensely interested in this subject, as who has 

not? Circumstances have, however, kept me rather fully occupied 

with the Mesozoic and Cenozoic floras of lower latitudes. Recently, 

in working up some Eocene floras for the Geological Survey of 

Canada—a subject which I approached while fresh from work on 

the middle and upper Eocene floras of southeastern North America— 

I was much impressed with the total dissimilarity between these Cana- 

dian floras, which are a part of the so-called Miocene? Arctic flora of 

Alaska, Greenland, Iceland, Spitzbergen, etc., and the contempora- 

neous flora of our Gulf states. This led to a general survey of the 

subject, some of the results of which are presented in the following 

notes. 

It may be mentioned parenthetically that both paleozodlogy and 

paleobotany have suffered the drawbacks incident to the fact that their 

chief cultivators have been resident in the North Temperate Zone. I 

do not recall a single paleobotanist who has had a first-hand ac- 

quaintance with the tropical floras of the present. The same state- 

ment is to a very great extent true of paleozodlogists, and I gravely 

question whether those who cultivate the field of invertebrate pale- 

ontology concern themselves greatly with the results of recent re- 

searches in oceanography and their bearing on problems of distribu- 

tion in the past. ° : 

After seeing the sub-tropical existing flora of southern Florida, 

the tropical flora of the Antilles and Central America, and the tropi- 

2 Generally recognized to be of upper Eocene age in recent years. 
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cal, sub-tropical, and temperate rain forest floras of South America, 

I am convinced that no-known fossil flora of Cretaceous or Tertiary 

age in the United States can properly be called tropical in any but a 

most loose and uncritical use of that term. Much less can it be 

applied to the Arctic Tertiary floras. It is true that many of these 

fossil floras indicate warmer climatic conditions than prevail at the 

present time in the same latitudes, and it is also true that many of 
their elements have a seemingly unusual latitudinal range. 

Most temperate rain forests of the present would have been pro- 

nounced “tropical” by paleobotanists if they occurred as fossils, and 

I have repeatedly called attention to the resemblance of our Atlantic 

Coastal Plain Upper Cretaceous floras to temperate rain forests, in 

which the same mingling of types is observed. 

Most of the familiar plants that are enumerated in fossil floras 

as being of especial, that is, tropical climatic significance, belong to 

large genera whose species have a wide range and have become 
adapted to a variety of habitats. Take, for example, palms, which, 

in my experience in the Yungas of Bolivia, stick closely to the tropical 

and sub-tropical altitudinal zones; and we find some modern species, 

incidentally very similar to a great many fossil species, ranging north- 

ward as far as North Carolina, and southward as far as Valparaiso, 

Chile. Another type frequently mentioned in fossil floras is the cin- 

namon or camphor tree—the two most romantic names applied to two 

of the many existing species of the genus Cinnamomum. The mod- 

ern species range well into the temperate zone; in fact, the commercial 

supply of camphor comes largely from Formosa and Japan, the tree 

being hardy as far north as about Latitude 35° in the latter country 

with its oceanic climate. Introduced into Florida, Cinnamomum has 

been seeded pretty widely by birds, and is perfectly hardy as far north 

as Tallahassee in that state. 

Tree ferns constitute a third item in the paleobotanist’s tropical 

repertoire, although the most magnificent modern tree ferns are found 

in temperate rain forests, such as those of New Zealand, on high 

peaks in the tropics (above the tropical altitudinal zone), or in the 

montafia valleys of the Eastern Andes (above the tropical altitudinal 

zone). The bread fruit is another spectacular fossil, and although 
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the modern species in nature appear to be confined to tropical and 

sub-tropical environments, fossil forms are found in association with 

temperate types, as, for example, in the Upper Cretaceous of Green- 

land, the early Eocene of the Rocky Mountain region and Gulf states, 

and the lower Miocene of Florida (it is obvious that the advocates of 

former torridity can exactly reverse the bread-fruit argument), so 

that one must use considerable caution in any attempt to interpret its 

meaning in terms of climate. 

It may be remarked parenthetically that I do not consider Aphle- 

bize as indicative of heat, but humidity. That Ginkgo is not a tropical 

type, but appears to be hardy throughout the Temperate Zone, and 

does not flourish under cultivation in the Tropics. That Cycads and 

Conifers are not good criteria for either moist or sub-tropical cli- 

mates, but quite the reverse. That Gleichenia and its present-day 

segregates, although commonly found in the Equatorial Zone at the 

present time, are not limited to the tropical. part of that zone, but are 

frequently more at home in the sub-tropical or temperate altitudinal 

zones in Equatorial uplands, as in Hawaii, the Eastern Andes, etc. 

Doubtless terrestrial plants are better indices of climate than are 

other organisms, and they are admittedly more important in this 

respect than marine forms of life. Plant fossils have this merit aside 

from any question of botanical identification, and this feature seems 

to have been lost sight of by numerous critics of paleobotanical prac- 

tise: that the size and form of leaves, their texture, the arrangement 

and character of their stomata, and the seasonal changes in wood, 

afford criteria that are quite as valuable climatically even though the 

species or genus to which they belong remains undetermined. With- 

out venturing further on the sea of words that constitutes the elusive 

generalities of most discussions of past climates, I propose to contrast 

the Tertiary “Arctic flora” with that which existed contempora- 

neously in lower latitudes, after which I will suggest a possible 

explanation to account for the observed facts. 

The exact age of. this “Arctic flora” can not be conclusively 

proven, but it is a reasonable assumption that it is of approximately 

the same age wherever found, and this assumption rests on actual 

community of composition, and not on an environmental premise, 
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although there is also something to be said for the latter. Heer 

studied these Arctic floras after his monumental work on the Tertiary 

floras of Switzerland, and he called them Miocene, a fashion that still 

persists in some quarters. It is lost sight of that Heer was prone to 

see his familiar Swiss Tertiary species in what were often very im- 

perfect fragments from the far North; and it is also true that Heer 

recognized no Oligocene period, but included the fossils of this age 

in the Miocene, which, to that extent, never meant more than “ old 

Miocene ”—that is to say, Oligocene. 

The “ Arctic Miocene” flora is certainly younger than that of our 

Fort Union of the western United States and Canada, whose facies 

continues into the Wasatch of the same region. It is overlain in 

places by marine Miocene strata, and interbedded with upper Eocene 

marine faunas, as at Herendeen Bay, Alaska. I have been inclined 

to consider it as also younger than the Green River flora of the west- 

ern United States, and to be of approximately the same age as the 

Jackson flora of the southern Atlantic Coastal Plain. It is certainly 

older than any known lower Miocene flora of the United States or 

Europe, and the following comparisons do not suffer any diminution 

of conclusiveness, if the Arctic flora should eventually be proven to 

be slightly older or slightly younger than the Jackson, for we now 

know as considerable floras in the southern Coastal Plain from the 

immediately antecedent Claiborne group, and from the immediately 

subsequent Oligocene (Catahoula and Vicksburg), and all of these 

have substantially the same facies and climatic significance as has the 

flora of the Jackson group. 

The Jackson flora, a detailed account of which is in press as Pro- 

fessional Paper 92 of the United States Geological Survey, contains 

considerably over one hundred species. These represent genera such 

as Acrostichum, Pistia, Canna, Thrinax, Phenicites, Engelhardtia, 

Mowmisia, Ficus, Coccolobis, Pisonia, Myristica, Anona, Inga, C assia, 

Bauhinia, Sophora, Lonchocarpus, Fagara, Cedrela, Banisteria, Bur- 

serites, Cupanites, Dodonea, Grewiopsis, Bombacites, Ternstramites, 

Cinnamomum, Mespilodaphne, Nectandra, Rhizophora, Terminalia, 

Conocarpus, Conbretum, Myrcia, Calocarpum, etc. There is not a 

distinctly temperate type among them and this flora comes as near 

meriting the term “tropical” as any fossil flora known from the 
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Temperate Zone. I regard it, in fact, as sub-tropical. Space does 

not permit a discussion of the range of the existing representatives 

of this Jackson flora. This is done in the publication cited above, 

and the generic names mentioned will serve those of my botanical 

readers who wish to check my conclusions. Now, let me compare 
this Jackson flora with the so-called Kenai flora of Alaska.® 

The Kenai flora, as published, consists of about 120 species. The 

most abundant forms are willows, oaks, poplars, walnuts, beeches, 

birches, hazels, and alders—distinctly Temperate, and cool rather 

than warm Temperate types. Perhaps the most abundant plants indi- 

vidually, certainly the widest ranging geographically in northern lati- 

tudes (Holarctica), are the leaves of hazel bushes (Corylus). Of 

the 54 genera of Knowlton’s list, the following nine are not present 

in the existing flora of North America: Ginkgo, Glyptostrobus, Tax- 

ites, Hedera, Paliurus, Eleodendron, Pterospermites, Trapa, and 

Zizyphus. . ; 

It may seem that I am juggling the evidence in omitting these 

nine genera from further consideration, but let me point out that the 

three of these about which there seems to be no doubt regarding their 

identity, namely, Ginkgo, Trapa, and Glyptostrobus, are all Temperate 

types in the existing flora. The remaining six genera are under more 

or less suspicion of quite a different order from any differences of 

opinion among paleobotanists regarding the identification of the hazels, 

birches, alders, etc., with which they are associated. Opinion might 

differ as to whether a particular species of the latter was a Betula or 

Alnus, an Ulmus or a Carpinus, or a Planera; or whether one or 

several species of Corylus should be recognized as distinct species; 

but opinion is unanimous that the choice is thus narrowed, whereas 

in the case of such things as Taxites—all any one knows is that it 

represents some Conifer. Why waste time trying to explain the cli- 

matic significance of Paliurus, a mostly extinct genus, when the par- 

ticular fossil is probably not a Paliuwrus; or why concern oneself with 

an Arctic species of Zizyphus when the form in question is probably - 

a Ceanothus? 1 ask, can any one prove that the form-genus Ptero- 

3 As listed by Knowlton in 1919. Hollick’s extended labors on this flora . 

which may be expected to contain some new species, will undoubtedly 

modify, but will not alter the force of the present comparison. 
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Spermites is genetically related to the existing genus Pterospermum? 
or that Eleedendron is a sound botanical identification? I think not! 

On the other hand, the great mass of not only the Kenai but of 

all the Arctic Tertiary floras are the readily recognizable, normal units 

_of a natural assemblage, which individually leave but slight room for 

differences of opinion regarding their identity. If fruits chance to 
-be found in association with the leaves, they are such things as birch 

or alder cones, never the fruits of the “suspects” above mentioned. 

__ Of the remaining genera listed in the Kenai flora, all but the fol- 

lowing six are represented in the existing flora of Canada: Zsculus, 

Diospyros, Ficus, Liquidambar, Sequoia, and Taxodium. It may be 

said of these that the #sculus may not be an #sculus, but a Hicoria; 

that the two species that have been referred to Ficus do not belong in 

that genus; and that Sequoia is on the verge of extinction at the 
‘present time and its modern range bears little relation to its former 

range. The case of Sequoia is of especial interest in its bearing on 

my thesis. Formerly a Holarctic type, it survives today in a most 

restricted area particularly favored by humidity. 

The remaining genera of the Kenai flora appear to be determined 

with reasonable certainty. Not only are 39 of these represented in 

the existing flora of Canada, but the following are still represented in 

‘the existing flora of Alaska, or adjacent areas in northwestern Can- 

ada, or as far north as Labrador and Hudson Bay in eastern Canada: 

Abies, Acer, Alnus, Alnites, Andromeda, Betula, Carex, Corylus, 

Equisetum, Fraxinus, Myrica, Osmunda, Phragmites (grass), Picea, 

Pinus, Populus, Prunus, Pteris, Quercus, Sagittaria, Salix, Spirea, 

Thuites, and Vaccinium. 

Seventeen of the Kenai species are Conifers, and the only types 

that would seemingly be out of place in a cool-Temperate climate with 

well-distributed moisture are Liquidambar, Paliurus, Taxodium, and 

Zizyphus. I have already given reasons for discrediting the deter- 

minations of some of these, and all of them have frequently been 

found fossil in Temperate assemblages. 

| The most diversified Arctic Tertiary flora known is that described 

by Heer from western Greenland. As considerably over-elaborated 

by Heer it comprises 282 species. Of this number there are 8 worth- 
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less objects described as fungi; there are 20 ferns; 28 conifers; 21 

monocotyledons, of which most are fragments of grass- or sedge-like 

leaves, generically and specifically undeterminable. Among the mono- 

cotyledons are two nominal species of Flabellaria—a form-genus pro- 

posed for undeterminable palm fossils. Neither of these is very con- 

vincing, and if they are correctly figured by Heer I would never think 

of calling them palms, and yet every textbook speaks of the Tertiary 

palms of Greenland, although they always have been purely subjective. 

The bulk of the Greenland Eocene flora consists of dicotyledonous 

leaves. Among these we find Ficus, but this does not mean that figs 

were members of this flora. The determination of Ficus on Heer’s 

part was only tentative, and he published it with a question mark 

behind it; moreover, it does not suggest any of the numerous species 

of Ficus, either fossil or recent, with which I am familiar. Among 

the Greenland Tertiary dicotyledons the following genera predomi- 

nate: Populus, Salix, Alnus, Betula, Corylus, Fagus, Quercus, Jug- 

lans, Acer, Laurus, Andromeda, Fraxinus, Viburnum, Cornus, Mag- 

nolia, Ilex, Celastrus, Rhamnus, Rhus, and Crategus. 

These are all genera that range for greater or less distances into, 

and some, such as Populus, Salix, Alnus, and Betula, range entirely 

across the cool-Temperate Zone. Any one is, of course, at liberty to 

call this Greenland Tertiary flora “tropical ”’—after the most detailed 

comparison and discussion its original describer did not so consider it, 

nor do I. ; 

In nearly every case where a Greenland Eocene genus is indicative 

of conditions warmer than cool-Temperate, as, for example, the gen- 

era Pterospermites, Sapindus, Zizyphus, Colutea, Laurus, and Dal- 

bergia, the botanical determinations can, and are, seriously questioned, 

and all that they can be asserted to mean is that the respective forms 

are similar to forms from other regions which some one, generally 

Heer himself, called Colutea, Dalbergia, etc. 

The most northerly known Eocene flora is that described by Heer 

in the fifth volume of his “Flora Fossilis Arctica” from near Cape 

Murchison in Grinnell Land. As elaborated by Heer this flora com- 

prised 30 species, but it may well be pointed out that a number of 

these have no existence outside the literature of paleobotany. Thus 
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there is a single Equisetum instead of two species; the four species 

of Feildenia represent but a single botanical species, of still unknown 

botanical affinity; the five pines represent a less number of species, 

and were named by Heer before the old genus Pinus was segregated ; 

the two Phragmites represent leaf fragments of grasses or sedges, 

and nothing more definite, and the Caulinites is a sedge or grass root- 

stock, while other leaf fragments are named Carex. Iridium and 

Salix represent absolutely nothing determinable, as Heer practically 

admits in his discussion of them; the two species of Corylus described 

represent but a single species, to which what Heer called Alnus should 

also probably be referred ; the Ulmus is also a Corylus, in my opinion; 

the Viburnum is a Populus; and the Tilia is a Corylus. These sug- 

gested changes may be merely a matter of opinion, they certainly are 

my opinions, but the suggested revision is no essential part of my 

argument. 

Revised as suggested in the preceding paragraph, the result is: 

Equisetum, Feildenia, Thuites, Taxodium, Pinus, Abies, sedge or 

grass fragments, Populus, Betula, a variety of Corylus leaves, and 

apparently a fragment of a Nymphea rootstock. Considered in this 

attenuated form this flora is still remarkable enough. The flora in 

the immediate vicinity of Cape Murchison under the climatic condi- 

tions of the present includes Carex, various grasses, and the genera 

Salix and Vaccinium. The present isotherms would have to swing 

15 to 20 degrees northward to permit the existence of such an Eocene 

flora as that listed above in Grinnell Land. The dwarf birch of the 

present reaches the latitude of Grinnell Land in Spitzbergen; and 

white birches occur north of the Arctic Circle in Europe, Asia, and 

North America, or within about ten degrees of the Grinnell Land 

fossil flora. 

The significant feature about these Eocene Arctic floras is that 

they show a comparable northward swing of not alone their northern 

limits, but also of their southern limits, which in turn is comparable 

to the northward advance‘of the Jackson flora that I have considered 

to be of the same age. The Jackson flora reaches Latitude 37° 

North. The most similar existing flora to that of the Jackson does 

not extend above Latitude 26° North, and then only under especially 
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favorable conditions of situation with respect to warm ocean currents. 

This is a difference of 11 degrees. The flora of the Jackson was, 

moreover, a coastal flora, and I have not the slightest doubt but that 

had the Mississippi embayment extended five degrees farther North, 

its shores would have been clothed with the same Jackson flora, for 

at that time similar floras are found in the Paris Basin in Latitude 49° 

North, in southern England in Latitude 51° North, and along the 

expanded Mediterranean sea of the Old World. 

The southern limit of the contemporaneous “Arctic flora” is 

about Latitude 45° North in North America (British Columbia), and 

about 57° North in Europe (Isle of Mull). It seems to me that the 

essential concordance of these facts is significant, and whatever may 

be thought of them, it would certainly seem to be difficult for any one 

to claim that these various Eocene floras mentioned do not show a 

climatic change in passing northward from the equator toward the 

pole. Moreover, at present—a time of, in many ways, an abnormal 

climate in a geologic sense; with rather sharp zoning, although not 

nearly so sharp as the textbooks would have us believe; a time of 

almost, if not quite, unprecedented land expansion in the Northern 

Hemisphere—which I believe expresses a causal relationship; the 

reliable members of these Eocene Arctic floras range much faxtiaee 

southward than they did in late Eocene time. 

That changes in the geographic distribution of land and water 

might prove sufficient to account for these Eocene Arctic floras is 

suggested by the climatic influence of the northward drift of warm 

water in the North Atlantic at the present time; which influence in 

western Europe and Spitzbergen is a trite fact, familiar to all. If 

the reader will consult an Isothermal map, and will compare the North 

Atlantic region with that of Behring Strait, or with the center of 

Siberia (the latter the present location of the cold pole), the combined 

influence of the northward drift of warm oceanic water from lower 

latitudes, .and the influence of the relative amounts and geographic 

position of lands and seas, is seen to be most astonishing. 

For example, the January isotherm of —25° C., which is at 
Behring Strait, is 18 degrees farther North in Baffin Bay, and reaches . 

to the pole itself North of Spitzbergen. The July isotherm of 5° C. 
(41° F.), which is at Behring Strait, swings 10 degrees farther North 
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in Baffin Bay, and 15 degrees farther North in western Spitzbergen, 

and thereis 4 Corresponding northward swing over the ocean between 

Spitzbergen and Nova Zembla. 
When the times of widest extension of equable and mild climates 

in the past are considered—the most conspicuous of which, in post- 
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Fic. 1. Sketch map of the middle Eocene showing location of the “ Arctic 

. floras” of the upper Eocene. 

Paleozoic times, are those of the Jurassic, Cretaceous, and later 

Eocene—they all appear to bear a definite relationship to periods of 

sea extension and reduction of land areas. To give objectivity to 

this statement I have prepared a map, on a North Polar projection, 
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showing the supposed distribution of land and water in mid-Eocene 

time.* 

It will be noted first that the land areas are greatly reduced, 

amounting to perhaps as much as 40 per cent. of the present land 

area of the Northern Hemisphere; and their place is taken by mostly 

shallow seas in low latitudes. The Mediterranean regions of the 

world are almost continuously under water, and these have free polar 

connections from the Atlantic, Pacific, and Indian oceans, as well as 

from the greatly expanded Tethys. If the reader will now consult 

Sir John Murray’s quantitative estimates of the present influence of 

the Gulf stream on western Europe, it will be obvious that a distribu- 

tion of land and water such as I have indicated for mid-Eocene time 

would be most important in climatic results. These effects would be 

cumulative, and, in my opinion, a sufficient cause to account for the 

observed distribution of the fossil floras of the upper Eocene. That 

it is a matter of distribution of land and water plus oceanic circulation 

is indicated by the more northern Eocene distribution of plant types 

of low latitudes in Europe than in North America, as at the present 

time. 

I would imagine a certain lag in observable effects, due to this 

cumulative action, and the progressive reduction of polar ice, and the 

ultimate nullification of appreciable cold ocean currents. I have indi- 

cated on the map, in a most general way, the probable directions of 

the oceanic circulation, as well as the localities where Eocene plants 

have been found in high latitudes. No one knows exactly what paths 

a given geographic pattern would impose on definite ocean currents, 

there being so many factors involved; but certainly no one can object 

to the statement that the general, or what might be termed the plane- 

tary circulation would dominate, except as modified by subordinate 

and unvaluated factors; or that the northward drift of warm surface 

waters would be operative. 

It will be noted that all of the most northern Eocene plant locali- 

ties are in coastal situations, favorably situated to receive the full 

¢ This map makes no pretense to accuracy, which is largely a matter of 

opinion, nor is there anything original about it. It is essentially the map - 

compiled from De Lapparent’s “ Traité” by W. D. Matthew, and used by H. 

F. Osborn in his “ Age of Mammals.” 
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benefit of this drift-of warm oceanic waters, whereas the most south- 
ern localities, which here mark the upper Eocene southern limit of 

alders, birches, hazels, etc., are found at about Latitude 45° North in 

North America, and fairly well away from coasts in a region where 

it is reasonable to assume a continental climate may have prevailed, 

especially if there were mountains intervening, as the textbooks would 

have us believe. 

None of these most southern Eocene floras of the cool-Temperate 

type come within many degrees of reaching the existing southern 

limits of their well-determined genera. For example, the hazel 

(Corylus) has its present southern limit at Latitude 31° North, 

whereas in Eocene time this limit was at about Latitude 45° North. 

At the time these Temperate types were extending their range north- 

ward, almost to the pole itself, warm temperate or sub-tropical types 

had invaded our Gulf States as well as southern and central Europe. 

The conclusion seems probable that the whole world had, at that 

time, a more or less mild and equable climate, prevailingly of the 

oceanic type, and that the primary cause of this oceanic climate was the 

diminished and low-lying land areas, and the increased sea areas; so 

arranged as to permit a maximum of circulation between equatorial 

and polar regions. The floras show that in spite of this relatively 

mild and equable climate, then as now, the polar regions were con- 

siderably cooler than the equatorial regions. At the present time, 

because of the great expanse of the Pacific ocean in the equatorial 

region, its average surface temperature is 19.1° C., as compared with 

16.9° C. for the Atlantic and 17° C. for the Indian ocean. 

The consensus of opinion that the land masses of the Northern 

Hemisphere were the main theater of evolution of late Mesozoic and 

Tertiary terrestrial life, both animal and vegetable, may seem to be 

opposed to such a free oceanic circulation between the equatorial and 

polar regions as I have indicated, but this is only an apparent and not 

a real difficulty. The land emergence whose culmination furnishes 

geologists with the basis for a boundary between Mesozoic and Ceno- 

zoic afforded abundant land paths for the dispersal of terrestrial 

animals and plants, as witness the essential community of the faunas 

and floras of early Eocene time throughout the whole of Holarctica. 
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This time of land connections was followed by sea transgression and 

land shrinkage, especially pronounced geographically in the middle 

Eocene (Claiborne-Jackson of the Atlantic Coastal Plain; Lutetian- 

Auversian of the French chronology). 

During this last period, according to Osborn, the mammalia 

undergo independent evolution without intercontinental dispersal, and 

are sharply marked into Palearctic and Nearctic realms, that are en- 

tirely extinct. In Oligocene time land bridges were renewed with 

community of terrestrial faunas, and not since that time of renewal 

of intercontinental interchange of species have there been as free 

water connections between the equatorial and Arctic regions as there © 

were in middle Eocene times. The geographic pattern has fluctuated, 

to be sure, but as a whole the geography has more nearly approxi- 

mated that of the present, and this, I believe, was the most important 

factor in bringing about the climatic facies of the late Tertiary faunas 

and floras. Nowhere in the North Temperate Zone, as far as I recall, 

do we find terrestrial faunas or floras, or marine littoral faunas, in- 

dicative of as warm conditions in the middle and upper Miocene, or 

Pliocene, as do those of the later Eocene, and perhaps also those of 

the early Oligocene. | 

It is not impossible that some less invoked factor, such as this 

distribution and attitude of the land and sea, may even account for 

glacial periods, as Sir Charles Lyell suggested long ago, rather than 

that these have been the result of causes that are purely speculative, 

such as sun spots, carbon dioxide, dust, reversal of oceanic circulation, 

etc. I do not deny that these latter may not have been factors, ever 

major ones, but at the present time they belong, in my judgment, in 

the same category with that hypothesis which predicates a shifting 

of the poles. 

I fully realize that the facts presented in the foregoing notes by 

no means solve the difficulties that arise in our endeavors to explain 

the distribution of organisms in the past, but that they furnish one 

considerable factor in the uniformitarian interpretation of early Ter- 

tiary floral distribution, is my reason for calling attention to the sub- 
ject in the present brief way. 

Jouns Hopxrns University, 

April, 1922. 



THE EARTH INDUCTOR COMPASS. 

By PAUL R. HEYL anp LYMAN J. BRIGGS. 

(Read April 22, 1922.) 

The instrument and accessories described in this memoir have 

been developed with especial reference to use in vessels for the navi- 

gation of the air. Navigating conditions in aircraft are such that 

little or no reliance can be placed on the indications of the ordinary 

magnetic compass. For this there are two principal reasons. 

Lack of space in airplanes forces the pilot and his instrument 

board to be located in a region of considerable magnetic disturbance, 

due to the proximity of the engine and other magnetic bodies. Occa- 

sionally these are variable, such as the steering rod, which in some 

planes is of steel. Compensation, after the manner familiar to navi- 

gators of the water, is not always a satisfactory solution of the diffi- 

culty. Apart from the variable disturbing elements above referred 

to, the magnetism of the engine may change considerably during a 

long flight. On the U.S. Army airway from Dayton, Ohio, to Wash- 

ington, D. C., it has happened that the compass has developed an 

error of as much as forty degrees before the trip was completed. In 

the endeavor to eliminate such troubles the compass is sometimes 

placed in the rear portion of the plane, and readings taken by devices 

more or less complicated, as in the German Bamberg compass. Such 

a plan, however, does not eliminate the second and more serious cause 

of disturbances. 

The accelerations of an airplane are greatly in excess of those to 

be found in a water vessel; and the directive force of the earth’s field 

on the magnetic needle is weak. Due to the great acceleration, the 

weak directive force, and the necessary inertia of the needle and card, 

the magnetic compass possesses rather a long memory for disturb- 

1A memoir to which the Magellanic Premium was awarded January 6, 

1922, by the American Philosophical Society. 
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ances to which it has been subjected. It is not difficult to give the 

plane such a motion as to set the compass card spinning on its pivot 

so that before its motion subsides sufficiently to allow of even an 

approximate reading the plane has traveled two or three miles. The 

great speed of the plane (ordinarily from seventy to one hundred 

miles an hour) and the comparatively sharp and sudden turns some- 

times executed produce a set of conditions of an order entirely dif- 

ferent from those to which a navigator of the water is accustomed. 

The attempt to meet these disturbances by damping the compass card 

is not a satisfactory solution; for damping, while it diminishes dis- 

turbance, also decreases sensitivity, none too great at best. 

The difficulty of the situation is perhaps best shown by the fact 

that the Great War, which produced, under stress of necessity, so 

many inventions, closed without having brought out any satisfactory 

form of airplane compass on either side of the conflict. 

For satisfactory service under conditions of this nature the earth 

inductor in connection with a galvanometer possesses a fundamental 

advantage over the magnetic needle. Unlike the latter, it has no 

memory. From instant to instant it furnishes an electromotive force 

determined by its orientation with respect to the earth’s field, irre- 

spective of its past or present state of translatory motion. This 

advantage has not been unrecognized by previous workers (Dunoyer: 

British Patent 4609 of 1907; Chabot: British Patent 9912 of 1903; 

Bliss: U. S. Patent 1,047,157 of Dec. 17, 1912). It may be noted 

that no one of these proposed devices possessed sufficient practi- 

cability to bring it into use during the war. 

In all previous attempts at the construction of a compass of this 

type, the current developed in the rotating coil, amplified if necessary, ~ 

was caused to pass through a galvanometer, and the course of the 

vessel indicated by the amount of deflection produced. The instru- 

ment described in the present memoir differs from all previous at- 

tempts in the following respects: 

1. It employs a null method for its indications, and therefore 
enjoys all the advantages of sensitivity characteristic of null methods 
as a class. As long as the vessel lies in the course predetermined by 
the pilot, no deflection is produced in the galvanometer. 
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2. A course-setting device of a novel type is employed. By turn- 

ing a movable dial carrying compass graduations to the desired course- 

mark, the electrical connection of the galvanometer to the earth in- 

ductor is so arranged that the galvanometer will read zero only when 

the vessel is in the desired line. This device enables the pilot to 
control a compass situated at a safe distance from magnetic disturb- 

_ ances without the use of a moving mechanical connection. 

3. This course-setting device possesses a feature which enables 

the pilot to distinguish between north and south, or, in general, 

between the two opposite directions which the vessel may take in 

any line. 

4. A method is provided for eliminating the errors due to rolling 

and pitching, arising from the vertical component of the-earth’s field. 

5. By the judicious use of iron in the core of the coil, the size of 

the earth inductor may be greatly reduced and the current output 

increased without the introduction of any sensible error. 

; In the course of its development this instrument has naturally 

passed through several forms. Only the final form will here be 

described. 

Current is generated by the rotation in the earth’s horizontal field 

of an armature rotating about a vertical axis. A commutator and 

four collecting brushes, spaced at 90°, take off current from the 

armature. For simplicity we may first suppose the vessel to lie in 

the magnetic meridian. The brush system as a whole may then be 

turned to such a position that one pair of brushes furnishes no 

electromotive force and the other pair a maximum. The brush sys- 

tem may now be fixed in this position with respect to the vessel. If 

now the vessel be turned through an angle @ from the meridian, the 

two pairs of brushes will furnish electromotive forces proportional 

respectively to sin @ and cos @. In this it is assumed that @ is meas- 

ured positively in a clockwise direction from the meridian, and that 

the commutator connections are so made that the algebraic sign of 

the voltage at each pair of brushes will be that proper for the sine 

or cosine of the angle in whatever quadrant that angle may be located. 

For this reason the two pairs of brushes will be henceforth referred 

to as the sine and cosine brushes, respectively. 

PROC. AMER, PHIL, SOC , VOL, LXI., B, AUG, 10, 1922. 
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If the sine brushes only are connected to the galvanometer, its 

reading will be zero only when the vessel lies in the magnetic merid- 

ian; and if the cosine brushes only are connected, the reading will be 

zero only in a magnetic east and west line. 

+S 

+C -¢ 

Fig. I. 

Fig. 6 
i“ Fig s ae 

We may connect the two pairs of brushes in series so that the 

voltage applied to the galvanometer is sin 6-+-cos 6. This function 

will be zero only when 6—=135° or —45°; that is, when the vessel 
lies in a northwest and southeast line. And if we use the combination 

sin 6—cos @, this will be zero when 645° or 225°; that is, in a 

northeast and southwest line. 
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In general, since _ 

—— m sin 6-+-n cos 2=0 

if tan 9==— (n/m), the galvanometer reading may be made zero in 

+S 

Fi g- 8 

any desired direction by combining, additively or subtractively, suit- 

able fractions or multiples of the voltages from the two pairs of 

brushes. This is the underlying principle of the course-setting device 
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known as the dial switchboard, which is an important part of this 

invention. | 

Such a switchboard may assume various forms. The form 

adopted in practice is very simple in actual construction, although not 

so simple in mathematical theory as certain more complicated practical 

forms that preceded it in the course of its development. Its theory 

is illustrated in Figs. 1-8. 

In Fig. 1 we have a closed circuit of resistance, the sine and cosine 

voltages being connected to the circle at four equally spaced points 

+S, +C. The galvanometer connections are made at any two 

diametrically opposite points P, Q, of the circle. Indicating, as in 

Fig. 2, positive potential by a line drawn radially outward from the 

resistance circle, and negative potential by a line drawn inward, and 

supposing the vessel to lie in an east and west line, so that the sine 

voltage is a maximum and the cosine voltage zero, we have a distri- 

bution of potential around the circle indicated by the dotted line. The 

only diametrically opposite points which will be at equal potentials 

are those at the ends of the horizontal diameter. This, then, will be 

the null position for an east and west course. 

If, on the other hand, the sine voltage is zero and the cosine 

voltage a maximum, as is the case in a north-south course, the null 

position will be that of the vertical diameter. 

If the vessel lies in a northwest and southeast line, 0—=— 45° 

(or 135°), sin @ is negative and cos @ positive, both, however, being 

equal in absolute numerical value. Maintaining the connections 

shown in Fig. 1, but changing the sign of S, the distribution of 

potential will be as shown in Fig. 3. Points +S and +C are at 

equal potentials; between them we have a:level of potential, and no 

current flows in this quadrant. The same is true of the quadrant 

between —S and —C. But between + S and —C (and +C and 

—S) a fall of potential exists. Symmetry indicates that the only 

equipotential points for the galvanometer leads lie on a line making 

— 45° with the vertical diameter; that is, pointing northwest with. 

reference to the cardinal points previously determined (Fig. 2). 

Let the vessel now veer a little farther to the west; the sine voltage 

will increase (negatively) and the cosine voltage decrease (posi- 
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tively). Fig. 4 represents the distribution of potential in this case. 

The potentials at + S$ and ++ C are no longer equal, that at +- S being 

greater than that at-+-C. In consequence, the line of contact will be 

shifted, as it should be, a little nearer to the horizontal than in Fig. 3. 

It is a curious fact that in general the angle of the null contact line 

with the + S line is not always equal to the course-angle 4 of the 

vessel with the magnetic meridian. There is, as we have just seen, 

perfect correspondence at the cardinal and 45° points; but for points 

within each octant, as in Fig. 4, there is a departure rising to a 

maximum of about 4° near, but not at, the center of each octant, as 
the general mathematical theory will show. 3 

Assume the S and C voltages applied as in Fig. 5 (same as Fig. 1) 

and let the contact line of the galvanometer be inclined at an angle ¢ 

to the + S line, measured positively in the clockwise direction. We 

shall first suppose ¢ limited to the first quadrant. 

Potential at P = (= *) sino - (5) cos 6, 
90 90 

_ Potential atQ = — (= +) sin 6 + (+) cos 6. 
90 90 

If these are equal, we must have 

Falk ae 
90° — 

Since equation (1) is algebraic in ¢ and transcendental in 8, it is 

evident that no linear relation can exist between ¢ and @. Solving 

for ¢ we have 

tan @ = (1) 

joie tan 6 ed sin 0 : (2) 

o75 I+tan@ 2sin@+ cos 0 

Now 

T sin 6 

ee na oek (3) 

which will be a maximum or minimum where 

d(@— 6) I es 

d§° —-2 (sin @ + cos 6)? a (4) 
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The approximate first quadrant roots of (4) are 17° 24’ and 

72° 36! instead of the mid-points of the octants 22° 30’ and 67° 30’. 

At these roots the value of 6—6 is nearly 4°, as shown in the fol- 

lowing table. 

3. od. o-3. 
17° 24 21° 28/ 4° 4 

22° 30° 26° 22’ 3° 52 

45° 45° 0 
67° 30’ 63° 38’ —3° 52 
72° 36’ 68° 32’ Woe 4° 4 

90° 90° 0 

If ¢ lies in. the second quadrant (Fig. 6), we have 

es 807: = 
Potential at P = — ee ~ (=< 

90 go 

Potential at Q = (252 ) sin 7] “a a 6. 

If these are equal, we have 

80° — ¢ 

¢ — 90° 
_mw2—tan@ «2cos# —sind. 

21—tan@ 2 cos@—sin#@ 

tang = — 

(5) 

The maximum and minimum values of ¢—4@ in this quadrant are 

approximately at 0= 107° 24’ and 162° 36’. The values of 6—6@ at 

these points are 4° 4’ as in the first quadrant. 

We may now obtain by computation from (2) and (5) the values 

of ¢ previously indicated by symmetrical considerations. 

If, as in Fig. 2, cos 60 and ¢ is in the first or second quad- 

rant, both formulas give 6==7/2. 

If, as in Fig. 3, sin 0—=— (2/2), cos 0= \/2/2 and ¢ is in the 

second quadrant, formula (5) gives 

Re dk 
22 135°. 

To avoid in practical construction the non-uniform distribution of 

resistance around a circle which would be necessary to give a uni- 
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formly graduated dial, it is sufficient to replace the circle by a square, 

as indicated-in Fig. 7. Contact of the galvanometer leads is made at 

‘points P and Q, whose distances from the center of the square vary 

with the angle of setting. It may readily be seen that the resistance 

included between + S and P will vary more rapidly per unit angle 

of turn near the corner of the square than at the middle of a side. 

In Fig. 8, a is a constant and x a variable side of the triangle 

having a constant angle 45° and a variable angle ¢. In this triangle 

the points P and ++ S correspond to the similarly lettered points in 

Fig. 7. In Fig. 8 we have: 

ee a aD a 

sing sin(135°—¢) sin (45° + ¢) 

asin @ 

* ~ sin (45° + 9) (6) 
Now, in Fig. 7 let R be the length of one side of the square; then, 

if ¢ be in the first quadrant: 

Potential at P = (~—* )sin a — (=) cose otential at P = R sin 6 — R cos 6, 

dag = —( -— *) in 6 (< 6 : otential atQ = — R sin 6 + R ) cos? 

If these are equal, ) 

tan 6 = a 

tan 6 sin 0 

I+tand sin 0 + cos 6 7) 

Substituting in (7) the value of x from (6) and noting that 

a= (RV/2)/2, since R is the side of the square of which a is the 

semi-diagonal, we have: 

a2 sin ¢ S sin 0 (8) 

2 sin (45° +4) sin@-+cos@ 

(8) expresses, for a square frame, the relation between the course- 

angle @ of the vessel and the null contact angle ¢ of the dial switch- 

board. (8) reduces as follows: 

V2 sin ¢ V2 sin @ 

2 sin (45° + ¢) ~ 2 sin 45° cos ¢ + cos 45° sin } 

. sin ¢ sin 6 

~ cos @ + sin é sind +cosé@ 

x= R 
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Which shows that for a square frame ¢==6, at least for the first 

quadrant. It may readily be shown that the same relation holds in 

the second quadrant as well, as indeed is indicated by conditions of 

symmetry. 

Upon this theory may be based a very simple practical construction 

for the dial switchboard, illustrated in Fig. 9 (photograph). 

Fig. 9a shows the switchboard base with dial removed, showing 

the square resistance frame. This frame has an inside diameter of 

mt [2 epee 
Ce a Fie: 9 

6.5 cm. and each turn of wire is nearly 2 cm. long. It is wound with 
No. 30 constantan wire, and each arm has a resistance of about 37 
ohms. The inner edge of the square frame stands slightly above the 



HEYL & BRIGGS—THE EARTH INDUCTOR COMPASS. 25 

outer edge, and along this inner edge the insulation is removed from 

the turns of wire. 

Fig. 9b shows the assembled switchboard, front view. The dial 

carrying the compass divisions carries on its under side the wiping 

contacts which constitute the terminals of the galvanometer connec- 

tions. These contacts press against the exposed portions of the wire 

on the square frame. 

Fig. 9c shows the back view of the switchboard. From the four 

corners of the square resistance frame wires run through holes 1, 2, 

3, 4 to the back of the switchboard, and thence as indicated to the 

S and C binding posts, which in turn are connected respectively with 

the sine and cosine brushes. From the wiping contacts on the under 

side of the dial wires run through the hub 5, which moves with the 

dial, to the wiping contacts 6, 7, from which wires run to the posts G, 

which are connected with the galvanometer. 

_A simple manipulation of the dial switchboard enables the pilot 

to distinguish between north and south, or in general between the 

forward and backward directions in which he may be flying in any 

line when the galvanometer reads zero. If the dial be turned slightly, 

say to the right, the pointer of the galvanometer will move from zero; 

and the galvanometer connections can be made so that this motion 

will also be to the right when the vessel is moving forward on the 

course indicated by the initial position of the dial switchboard. If 

the plane be flying backward on this course, the flux through the 

armature is reversed in direction; and, with the same connections, the 

motion of the pointer will now be opposite to the motion of the dial. 

Contrary to what might be supposed, there is no difficulty in ob- 

taining a galvanometer at once sufficiently sensitive and rugged to be 

used under the conditions prevailing in an airplane. The galvanom- 

eter used is of a standard commercial type, double-pivot spring con- 

struction, giving one millimeter deflection for one hundredth of a 

milliampere. Its resistance is about 22 ohms. Being always in cir- 

cuit with a resistance less than its critical damping resistance, the 

motion of its pointer is always dead-beat. The vibration and jarring 

to which the instrument is subjected in flight are not great, being 

actually less than are to be found at the instrument board of an auto- 



296 HEYL & BRIGGS —THE EARTH INDUCTOR COMPASS. 

mobile, where instruments of this and similar types are frequently 

installed. 

The earth inductor itself is shown in Fig. 10 (photograph). It 

is installed in the fuselage, behind the second seat. The supporting 

board 7 runs athwart the ship and is clamped to the upper wooden 

FIG. 10 

members (longerons). Through the upper fabric of the fuselage 

(the turtle back) projects the driving axle 2 bearing the four-cup 

propeller 3. This axle runs in ball bearings 4 of the sel f-aligning 

type. The axle 2 is joined to the axle 6 by a short piece of flexible 

shaft ro. 

A decided novelty is introduced in this invention in the use of an 

iron core in the armature. For an iron-cored armature revolving in 
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the earth’s field the conditions differ in one important respect from 

those obtaining in the dynamo; in the earth’s field we must reckon 

with free poles in the armature, and a consequent self-demagnetizing 

effect. This effect is a minimum if the iron is in the form of a rod 

long as compared to its diameter. This leads to a cross-shaped arma- 

ture 5, as shown in the photograph. The arms are of 3% per cent. 

silicon steel, which has, in a field equal to the earth’s horizontal com- 

ponent, a permeability of about four times that of ordinary soft iron. 

The residual magnetism is also considerably less. The four arms of 

the cross are carried by a central hub of the same material. The 

arms are I cm. in diameter, and measure 20 cm. from end to end of 

a pair of opposite arms. For a rod of these proportions the demag- 

netizing coefficient is small enough to allow a permeability of about 

ten times that of a cube of the same material. 

Upon each of the four arms there are 500 turns of No. 20 B. & S. 

copper wire, silk enamel insulation. The winding is of the closed 

coil type, with a four-segment commutator. The total resistance of 

the wire on all four arms is 3.2 ohms, and the resistance through a 

pair of opposite commutator segments 0.8 ohm. At 20 revolutions 

per second, the electromotive force is 8 millivolts. 

The armature and commutator are carried by the axle 6, which 

runs in a thrust ball bearing mounted in the gimbal rings 7. There 

are four collecting brushes of carbon, spaced go° apart, on a mount- 

ing which swings with the axle and commutator. By turning the 

whole gimbal system by means of the slots and screws 8 the brush 

system can be set at any desired angle with respect to the vessel in 

which it is installed. The resistance of the armature through a pair 

of brushes is from I to 1.5 ohms. 

Below the armature 5 is a brass weight 9, weighing about a kilo- 

gram. The length of the pendulum thus formed is short enough to 

give a time of (half) swing of about one third of a second. The 

bearings for the gimbal rings 7 are provided with leather friction 

washers, by tightening which any desired degree of damping may be 

applied. It is usual to damp the pendulum so that it will execute 

from six to eight half-swings before coming to rest after a displace- 

ment of about 20°, occupying from two to three seconds in the 
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process. This allows sufficient looseness to permit response to a 

small angle of tilt, and also sufficient damping to insure that the oscil- 

lations do not continue beyond the time required for the plane to 

regain its level. 

On rounding a curve centrifugal force will, of course, deflect the 

pendulum somewhat from the vertical; but such centrifugal force is 

removed as gradually as it is applied, and by the time the plane comes 

again into a straight course the axis is stationary in a vertical 

position. 

The natural time of swing of the armature pendulum as arranged 

is, as has been said, about one third of a second. The time of roll 

or pitch of even the smallest planes is several seconds, and for the 

larger planes still longer. The disturbances arising from the driving 

mechanism have a period of about one twentieth of a second. The 

pendulum is sufficiently massive to resist forced vibrations of the 

latter period; and the oscillations of the plane itself are too remote 

in period to produce any sensible effect. A certain amount of gyro- 

static action at the usual speed of revolution (1,200 r. p. m.) con- 

tributes materially to the stabilizing action. Excess of gyrostatic 

action is undesirable, as its effect is to lengthen the period of swing 

and bring it too near that of the oscillations of the plane. 

Actual experiment is necessary to appreciate the very satisfactory 

degree of stability possible of attainment by an apparatus of this 

nature. 

It might be supposed that there would be a small quadrantal error 

in an electrical system such as described, due to the fact that the 

armature is sending out a current which is not constant for different 

azimuths of the vessel, and consequently the reaction of the armature 

on the earth’s field would be variable. When one set of brushes aloné 

is functioning the electromotive force E is applied to opposite corners 

of the square frame (Fig. 7). If R be the resistance of one arm of 

the frame, the equivalent resistance of the whole frame is also R, 

and the current output of the armature is E/(R-+r), where r is the 

internal resistance of the armature. If, as in Fig. 3, both pairs of 

brushes are equally active, the voltage of each pair is 0.7E. The 

resistance in the square frame encountered by each voltage is that of 
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one quadrant, or R; hence the total current coming from the armature 

is 1.4E/(R-+r). 

Laboratory tests fail to show such an error, which, in fact, is non- 

existent. ‘Though the current output of the armature varies, the 

distribution of the current in the armature varies also, so that its 

i 

Fig tt” Fig. 12 

H 

oe 

Sin © —Cos © | sin +co0s0 i \ 

SiINO@ BAe e | Sine—Cose I 

Fig. 3 Fig- P+ 

integrated cross-field reaction is constant. This is readily shown by 

considering the case of a Gramme ring, of which the compass arma- 

ture is a special and degenerate case. 

Fig. 11 represents such a ring, H being the direction of the 

earth’s field. Current will flow as shown by the arrows, producing 

a cross-field horizontally directed. . ; 
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If the field be inclined at an angle @ to the horizontal, as in Fig. 

12, we may resolve it into two components, H sin 6 vertically and 

H cos 6 horizontally. If the intensity of the currents in each half of 

the ring in Fig. 11 be taken as unity, the intensities of the similar 

currents generated in Fig. 12 will be sin 6 and cos 6, respectively. 

These currents are taken off by two pairs of brushes, and encounter 

the same external resistance in the dial switchboard. We may con- 

sider these component currents as superposed, the intensities in the 

four quadrants being shown in Fig. 13. 

Let the radius of the ring be unity and let L be the inductance 

per unit arc of the ring. Then, representing the current intensity at 

any angle y (Fig. 14) by 7, the total cross-field C will be propor- 

tional to 

aL [i cos (@— w)dy. 
0 

where 6—y is the angle between the reaction-field of the element of 

the ring at y and the perpendicular C to the field H. 

Using the values of ¢ in Fig. 13 this integral breaks up into two. 

2L (sin 6 + cos 6) f3 cos (6 — y)dy 
0 

+ 2L (sin 6 — cos 6) f cos (0 — y)dy 

3 

-m 2, | (sin 0 + cos 6)? + (sin @ — cos o»| 

= 4L. 

Hence, the resultant cross-field reaction of the ring is independent 
of the course-angle @, and there is no quadrantal or other segmental 
error from this source. 

The instrument as above described will give about one millimeter 
deflection at the galvanometer for five degrees change of course, the 
sensitivity being a little greater at the cardinal points than in the 
middle of a quadrant. This sensitivity is capable of a reasonable 
amount of increase, if desired, by using a larger armature with a 
greater number of turns, or by increasing the speed of rotation, but 
for the present state of the art of aérial navigation the instrument is 
sufficiently sensitive. 
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The total weight of the apparatus as shown in Fig. 10 is about 

five and a half (514) kilograms. 
Excessive tilt is prevented by a guard ring (not shown in Fig. 10) 

supported by guy wires in such a position as to intercept the motion 

of the lower projecting end of the axle 6 when the angle of tilt 

exceeds 20°, an angle not usually reached in ordinary flying. The 

great demand for a compass comes from cross-country and cloud- 

flying—not from acrobatic maneuvers. : 

Air tests of this instrument have been made during its develop- 

ment at one of the flying fields in this country, the latest series being 

completed during the week of October 24, 1921. This last series of 

tests has demonstrated that the instrument as here described is reliable 

in the air; that the needle of the galvanometer can be read during 

pitching to a half millimeter, corresponding to two and one half 

(2%) degrees change of course. It appears to be impossible for a 

pilot to roll his plane without also slightly veering it sufficiently to 

cause an oscillation of the needle of about one (1) millimeter on 

either side. The needle is unaffected by a vertical drop or “ bump.” 

On rounding a curve centrifugal force deflects the needle; but such 

force diminishes, on leveling up, at a rate sufficiently slow to allow 

the damped pendulum to become stationary by the time it reaches the 

vertical. A sharp veer of the plane will cause a slight oscillation of 

the needle, which is damped out in about three (3) seconds. Due to 

the constant slight vibration of the plane, the damping of the pendu- 

lum produces no loss of sensitivity, the pendulum being shaken into 

the vertical from even a small displacement. 

In the opinion of those pilots who have tested the instrument 

some form of electrical drive would be preferable to wind power, as 

affording a higher speed and greater sensitivity, and being more uni- 

form. Many planes carry electrical generators. No disturbance of 

the compass would arise from the rotating field of an A.C. motor 

mounted on the same axle, as the flux due to the stray field would 

rotate at the same speed as the earth inductor, and be therefore in- 

variable with respect to the coil. 

Certain mechanical improvements in detail have been shown by 

the latest air tests to be advisable. An invention, like a work of art, 
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is never finished. Metallic brushes will probably be preferable to 

carbon for a long flight; and a commutator of hardened steel will 

probably save frequent replacements. The question of brush wear 

is naturally more important at eight (8) millivolts than at ordinary 

commercial pressures. 

ADDENDA. 

Since the date of the presentation of the foregoing memoir certain 

additional and correctional material has accumulated. 

A comparative examination of various forms of commutator and 

brushes has shown that a mica-filled brass commutator and brushes 

of carbon are by far the most satisfactory combination. Such an 

arrangement has been run in the laboratory at 20 revolutions per 

second for 146 consecutive hours with a variation of less than one 

degree in the compass reading at any time during the test. The wear 

on the brushes was trifling. One hundred hours’ flying is about the 

maximum service obtained from an airplane before complete over- 

hauling of its engine is necessary. These additions have been incor- 

porated in the text. 

U. S. Bureau or STANDARDS, 
WasuincrTon, D. C., 

November, 1921. 

“This instrument is a part of the programme set by the Air Service, in 

its attempt, to put the navigation of the air on a basis as trustworthy as that 

of the water. The study of the problem was undertaken by the Bureau of 

Standards at the request of the Air Service, and the expense incident to the 

development of the final successful model was defrayed by Air Service funds. 

The flying tests were carried out with the codperation of the Engineering 

Division of the Air Service at McCook Field, Dayton, Ohio.” 



THE PROBABLE ACTION OF LIPOIDS IN GROWTH. 

By D. T. MacDOUGAL. 

(Read April 21, 1922.) 

Accumulating evidence, including biochemical tests of the occur- 
rence of lipoids in cells, especially abundant in the accretion stage of 
growth, microscopic and ultra-microscopic examinations of plasma 
and wall, the use of reagents which would displace or liquefy lipoids 

- in the modification of permeability, all support the conclusion that the 
lipoids constitute the external layer of the plasma sending a_pene- 
trating meshwork into both the plasma and the wall. 

The implied view would make the lipoids the fundamental struc- 

ture of protoplasm and the primary factor in all exchanges between 

the cell and the medium. The facts cited cause renewed interést in 
the original proposal of Quincke in 1888 and of Overton in 1895 and 

1899 as to the lipoid theory of the plasmatic membrane. 

_ Additional information concerning the nature and action of some 
of the common lipoids, and of the nature of hydration, together with 

exact determinations of the influence of various ions on permeability, 

gives opportunity for the consideration of the subject from new 

angles. | | 

1. The experimental results which concern the matter and which 

are described in the present paper have been obtained by two methods. 

Measurements of endosmose in artificial cells, with a plasmatic lining 

including lipoids, have been made. These results have been corre- 

lated with measurements of the hydration reactions of biocolloids, 

and living and dried cell-masses in the solutions used in the osmotic 

tests. ; 
2. Lecithin incorporated in the plasmatic jelly layer of an artificial 

cell has but little effect on the osmotic action. The same substance 

deposited as a layer between the plasmatic jelly and the outer wall 

lessens the permeability of the system and increases the osmotic effect. 

PROC, AMER. PHIL, SOC., VOL, LXI., C, AUG. 12, 1922, 
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3. The use of saponin or solutions which liquefy or displace 

lecithin in the cell contents or external layer increases permeability, 

presumably by increasing hydration, and lessens osmotic action. This 

is in agreement with the results of Boas and Kahho. 

4. The nature of the action of saponin on artificial cells suggests 

that this substance affects the permeability of the outer clay walls of 

artificial cells. The hydration reactions of living and dead cell- 

masses measured with the auxograph show a similar influence on the 

wall of the plant cell. | 
5. Dried plates of biocolloids which show many similarities in 

hydration to the action of protoplasm, but which contain no lipoid, 

are rendered less permeable when swelled in a saponin solution. Such 

a solution increases the permeability of plant cells. The results sup- 

port the inference that this effect is due to the action of the solution 

upon the lipoid constituent.’ 

6. The artificial cell as used in the Letina shows accelerated 

action when a lipoidal layer is deposited between the plasmatic jelly 

and the outer clay wall. With cell-contents of NaCl 0.o1M im- 

mersed in CaCl, 0.001M, negative osmose, then positive osmose, oc- 

curs. The tonicity of the cell may be seen to increase from 0.003 to 

005M KCl. The “life” or period of activity of such a cell may 

extend over a period of 60 to 80 days with renewal of the immersion 

liquid, but not of the cell-contents. Anomalous osmose may be ex- 

hibited by the outer wall, which is semi-permeable to sugar, asparagin, 

and other organic substances, but the action of the cell when the 

plasmatic layer is added is positive. 

7. Living cell-masses which show a water deficit or a hydration 

capacity of 40 per cent. and which remain turgid when swollen take 

up only about one fourth of this amount of water when increased 

permeability sets up shrinkage in saponin 0.005M. The effect of the 

saponin decreases with the concentration to a minimum at about 

0.0002M. 

8. The effect of the saponin upon permeability as measured by the | 

swelling which ensues before shrinkage begins is not definitely accel- 

1 Quincke, G., Ann. d. Physik u. Chemie, N. F., 35, 580, 1888. Overton, 
E., “ Osmotische Eigenschaften,” Vierteljahrsschr. Naturforsch. Ges., Zurich, 
40, 1, 1895. See also “Ueber die allegemeinen osmotischen Eigenschaften d. 
Zelle” by this author in the same publication, 44, 110, 1899. 
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erated by KCl in living cell-masses of Opuntia. This result is not 

in agreement with Boas, who found that the salt accelerated the action 

of saponin upon cells of Tradescantia. 

g. The hydration of such living cell-masses is not definitely af- 

fected by variations in acidity up to PH 2. No positive increases 

were noted in KHO in weaker concentrations, but swelling was les- 

sened in o.o1N. 

10. Dried cell-masses display a minimum effect from saponin at 

about the same concentration as the living material, but the swelling 

which is maintained increases with the concentration to about 0.005M. 

11. The hydration of dead cell-masses was not definitely affected 

by HCl at 0.01, but at weaker concentrations, 0.001 to 0.0002N, the 

swelling was greater than in water. After the neutral point is passed 

some increase is to be noted in KHO o.001N, which reaches its maxi- 

mum at o.o1N. 

12. The hydration reactions of dead cell-masses of Opuntia in 

acidified solutions are those which might be displayed by a biocolloid 

in which the protein and pentosan components were nearly equal in 

quantity. The hydration reactions of living cell-masses are such that 

permeability is increased and swelling lessened in hydroxide at 0.01N 

and 0.005N. This reaction, like that of saponin, is reversed in the 

dead cell-masses in which swelling increases with the concentration. 

Cytologists have for the most part considered the so-called plas- 

matic membrane as a peripheral layer not separable from the cyto- 

plasm and by implication to consist of proteins. Seifriz regards this 

suppositious membrane as a highly viscous layer about I » in thick- 

ness.2_ In the recent notable contribution by Hansteen-Cranner the 

peripheral layer of plasmatic substance is regarded as lipoidal, con- 

sisting of a disperse phase of hydratable material not soluble in water, 

in a continuous phase of water-soluble lipoid. This formation is con- 

tinuous with a fundamental lipoid meshwork of the plasma. A 

lipoid meshwork from the peripheral layer is also supposed to extend 

through or into the cell-walls. The conclusions thus briefly noted 

are held to sustain the general contention of Overton as to the lipoidal 

2 Seifriz, W., “ Observations on Some Physical Properties of Protoplasm 

by Aid of Microdissection,” Annals of Bot., 35: 269-206, 192I. 
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character of the plasmatic membrane.* Such an arrangement of 

lipoids would be one which would permit the passage of both water- 

soluble and fat-soluble substances into the cell. 

Czapek’s notable contributions to this subject show that lipoids 

are especially abundant in meristem and in nearly all cells in the 

accretion stage of growth. Czapek places himself in the position of 

considering the plasma as essentially a lipoidal structure.* Walter, 

in confirmation of Biedermann, found that the plasmatic mass of 

plants is not readily digested by proteoclastic enzymes until the lipoid, 

which is held to be in a fine state of dispersion, is first extracted by 

a fat solvent. He holds that his evidence is against the conclusion 

that the lipoids are localized in a peripheral layer in the cell.° 

The presence of lipoids in the cell colloids in the accretion stage 

of growth would, it seems, almost inevitably result in their accumu- 

lation in the peripheral portion of the plasmatic mass in accordance 

with the laws of surface tension. That such a layer does exist was 

concluded by Boas, who published a preliminary paper to this effect 

in 1920 and his detailed observations upon which this conclusion was 

reached in 1921. The experiments were based upon the known re- — 

actions of lecithin and cholesterin to neutral salts and to saponin. 

Measurement of fermentation in yeasts and of the decolorization of 

cells of higher plants are made the basis for the assertion that a 

proteinaceous membrane in the cell is highly improbable, and that 

lipoids are concerned in the exchanges of the cell with the medium.® 

Although this writer found that non-conductors in hypotonic solution 

retarded the action of saponin on the supposed lipoidal layer, and that 

hypertonic solutions of cane sugar, for example, accelerated it, the 

8’ Hansteen-Cranner, B., “Beitrage zur Chemie und Physiologie der Zell- 
wand und der plasmatischen Grenzschichten,” Ber. d. Deut. Bot. Gesell., 37, 

Hft. 8, 380-391, 1919. 

*Czapek, F., “Zum Nachweise von Lipoiden in Pflanzenzellen,” Ber. d. 
Deut. Bot. Gesell., 37: 207-216, 1919. 

5 Walter, H.; “Ein Beitrag zur Frage der chemischen Konstitution der 

Protoplasma,” Biochem. Zeit., 122: 86-99, 1921. 

® Boas, Fr., “ Beitrage zur Kenntniss der Wirkung des Saponins auf die 

Pflanzliche Zelle,” Ber. d. Deut. Bot. Gesell., 38: 350-353, 1920. Also, “ Unter- 
suchungen ueber die Mitwirkung der Tincide beim Stoff-Austausch der 

Pflanzlichen Zell,” Biochem. Zeit., 117: 166-214, 1921. 
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possibility of the action on other colloids than proteins and lipoids is 

not considered. Kahho published the results of his tests as to the 
permeability of roots of yellow lupine to neutral salts late in 1921. 

He confirms the series as to permeability of kations which runs 

K>Na>Li>Mg>Ba>Ca, in which the greatest penetrability is 

shown by potassium and the least by calcium. It is also seen that the 

_ interferences are such that each kation is retarded by those to its 

right, and to a degree proportionate to its distance to the right, and 

that the greatest retardation is by the kations which show the greatest 

coagulating action on colloids. The kations which have the least 

coagulating action on colloids penetrate most rapidly. The anions 

retard the colloidal or coagulative action of the kations in a series, 

citrate < sulphate < tartrate< Cl< NO,<Br<I, in which the effect is 

least with the citrate and most with the iodine. That is, each kation 

has the greatest effect when combined with the citrate and least with 

the iodine. As a further consequence, the citrates have the least 

penetrability and the salts of iodine greatest. It is held that the be- 

havior of the roots in a weak alkaline solution supports the conclusion 

of Hansteen-Cranner as to a lipoidal layer.’ The greater expansion 

and contraction of growing roots in weak alkaline solutions is attrib- 

uted to the solution or displacement action of such solutions on the 

lipoidal meshwork of the walls, rendering them more contractile. 

The results cited above are not decisive or final when taken sep- 

arately. Their concurrence lends substantial support to the conten- 

tion that the lipoids are a prime factor in the exchanges between the 

cell and the medium. The establishment of the fact that such a lipoid 

as lecithin may be present as an emulsion consisting of a disperse 

medium soluble in water and of a disperse phase swelling in water, 

the entire system displaceable by fat-solvents, would furnish a plas- 

matic membrane or peripheral layer through which both salts and 

fatty substances might diffuse. Lecithin, for example, is supposed 

to absorb about 4o per cent. of its volume in hydration in water, is 
soluble in chloroform, alcohol, benzene, carbon disulphide, etc., and 

has the power of combining with both acids and bases. 

™Kahho, H., “Ein Beitrag zur Permeabilitat des Pflanzenprotoplasmas 

fiir Neutralsalze,” Biorhem. Zeit., 120: 284-303, 1921. See also p. 125, same 

volume. 
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The importance of the entire matter is such that two series of 

experiments were designed in my own laboratory, the results of which 

might have a bearing upon the above conclusions. In one the auxo- 

graph was used to register variations in thickness indicative of 

changes in turgidity of cell-masses subjected to neutral salts and other 

solutions. Next lipoids were introduced into the construction of the 

artificial cell recently designed, and the effect of such substances 

upon permeability of plasmatic layers of cell colloids under the in- 

fluence of salts, saponin, and soaps was determined. 

Brief mention has already been made of the artificial cell used.® 

The cell in question was of a design in which clay, porcelain, alun- 

dum, or wooden thimbles representing various degrees of porosity 

were used to represent the external wall, while the plasmatic layer 

could be represented by a plasmatic lining layer of any jelly or mix- 

ture of jellies. The thimbles were fitted with an osmometer head 

consisting of a stopper pierced with two holes, in one of which was 

fitted a filling funnel with stopcock, and the other with an outlet tube 

bent to the horizontal immediately above the stopper. Such an 

arrangement permitted the measurement of endosmosis by the amount 

of liquid forced out and caught in a small graduated receiver. The © 

greater number of experiments were made with the clay thimbles used 

in the Livingston evaporimeter (Fig. 1). Cells of this type lined 

with agar treated with tanning reagents and fitted with vertical outlets 

to show pressure, designed by Professor H. M. Richards, have been 

in use for some time in the Botanical Laboratories of Barnard College. 

As arranged in the work described here, the pressures in the cell 

were never more than that of 12 or 15 mm. of water. 

~ The arrangement of this artificial cell was begun by washing the 

thimbles in warm distilled water and preparing a liquid mixture of 

the materials for the plasmatic lining layer. About 1o—12 cc. of this 

material was poured into the warm, moist thimble at a temperature 

of 40-50° C., the osmometer head put in place, and the thimble turned 

in the hand in a horizontal position. If a coating of 2 or 3 mm. in 

8 MacDougal, D. T., “The Distentive Agencies in the Growth of the 

Cell,” Proc. Soc. Exper. Biol. and Med., 19: 103-110, 1921. See original de- 
scription of this cell in the Report of the Dept. of Bot. Res., Carnegie Inst. 
Wash. for 1921. 
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Fic. 1. Artificial cell designed to illustrate variations in outer wall and 

plasmatic layer. The clay wall is that of a filter thimble such as is used in 
the Livingston evaporimeter. The lipoidal layer is drawn heavily out of pro- 

portion to illustrate more clearly the processes extending into the wall and the 

plasmatic layer. The plasmatic layer in the experiments described in this 

paper was composed of agar, agar-gelatine, or modified mixtures. The cell 

was submerged to the top of the stopper in operation. 
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thickness was desired, this was continued until all of the jelly had set. 

If a thinner layer was required, the stopper was removed after two 

or three minutes and most of the liquid poured out. Uniformity was 

attempted in the cells in any series. 

After cooling for ten minutes, the cell contents were poured in 

and the preparation set in the immersion solution so that the outlet 

tube was horizontal and no siphoning action was possible. Readings 

were generally made at 24-hour intervals unless otherwise specified. 

The clay thimble is so readily permeable to salts of potassium and 

sodium at 0.01M that no action of this wall alone followed a filling 

with such solutions except a direct outward diffusion. It is much less 

permeable to organic compounds, such as sugar, asparagin, saponin, 

soap, etc. A comparison of its action with the results given by 

Bartell would seem to indicate that the clay wall-has pores less than 

Ip in diameter.® The positive action of the thimble with sugar may 

be illustrated by the fact that when filled with a 2 per cent. solution 

and immersed in water at 18° C. a column 3 mm. in diameter was 

raised to a height of 35 mm. in 30 minutes. Asparagin, saponin, and 

urea at 0.01M also gave positive pressures.’° 

Solutions of agar 0.3 per cent., of gelatine and of potassium oleate 

as cell contents resulted in endosmose in clay thimbles without any 

lining layer. Further tests showing the negative osmose which might 

take place through the walls of the clay thimbles were made with 

calcium solutions. One lot of thimbles were filled with CaCl, at 

0.01M and set in water, while an equal number were filled with water 

and set in the calcium solution. The calcium solution inside the cell 

set up negative osmose which retracted the horizontal column of 

water in the outlet tube, and the cell containing water showed exuda- 

tion caused by the passage of water through the walls from the calcium 

solution in which it was immersed. 

Tests with cylinders of turned wood with walls 3 mm. in thickness 

showed positive osmose when filled with the calcium solution, as did 

also filter paper thimbles (double thickness Whatman). It is evi- 

dent, therefore, that this negative osmose is to be attributed to the 

® Bartell, F. E., “Pore Diameters of Osmotic Membranes,” Jour. Phys. 
Chem., 16: 318, No. 4, April, 1912. 
' 10 Stern, K., “ Ueber negativen osmosen und verwandten Erscheinungen,” 
Ber. d. Deut. Bot. Ges., 37: 334-343, 1919. 
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size of the pore or the composition of the wall. The repetition of 

the tests with calcium chloride at 0.001M as an immersion fluid on a 

clay cell filled with water gave an exudation of 1.3 to 1.6 daily for 

twenty days. At the end of this time the external liquid was replaced 

by one more concentrated at 0.01M. The rate rose slightly during 

the first day, then fell away to 0.2 c.c. on the fifth day. 

Another interesting case was that in which a clay cell containing 

sodium at 0.01M was set in a calcium solution 0.001M. The initial 

- action was a negative osmose resulting in the loss of water from the 

stronger sodium to the weaker calcium solution outside the cell during 

the first 24 hours. The action was now reversed and endosmosis 

began at the rate of 0.2 c.c. daily, which rose to 1.4 c.c. daily on the 

fourteenth day, after which the rate fell off. Replacement of the 

immersion solutiom with a more concentrated calcium solution at 

_0.01M did not alter this process, as the rate continued to decrease to 

0.2 c.c. on the tenth day. 

_ After such measurements had been made of the porosity of the 

clay walls, lining layers of various mixtures of biocolloids were placed 

in them and their absorption capacity measured by the amount of 

water delivered by the outlet tube. 

The examples given below are sets selected at random from a 

large number in which no radical departure from the average behavior 

was found. Unless otherwise stated the cells were immersed in 

water, and the cell contents were at 0.011/. Endosmose measured 

as excretion is given below in c.c. 

| | 
} KCl | NaCl. | HCL | Asparagin. | Water. 

RI ee nip 5s we 2.4 2.6 1.6 | 2.9 1.5 
0 BEG nS eggs pe eer 4.5 3.6 5.3 | 2.7 | 1.6 

A special set of cells for testing the comparative effects of sodium 

and potassium chlorides at 0.01M with a plasma of agar-gelatine- 

potassium oleate was operated with results as follows: 

| | 
Contents. | Outside Liquid. Amounts Exuded. Average 

MMU ros Sie s s5 Water 9.25) 25.2.8 ce, ae c.c 

EE 2) SSR a ae if 3:2, 5 6.9 gle 
PUL OOD ME i wes ¢¢ 2.7, 2.3 2.5 
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Repetition of these experiments gave no data varying notably 

from the above. All were carried out at 15° C. 

A fourth plasmatic layer was prepared consisting of agar 5 g., 

gelatine 2 g., potassium oleate 5 mg., and lecithin 25 mg., and parallel 

series in potassium and sodium chloride were run at laboratory tem- 

peratures of 14 to 18° C. with results as follows, in which the total 

excretions for three cups with each salt are given: 

KCl 001M ....5.8 cc. 8.4 cc. 9.4 c.c. Total in 140 hours 23.2 c.c. 

NaCl aor ...32 c& G7 cc Bac FO UO OO eee 

It is to be seen that the action of the sodium and potassium salts 

is most nearly equivalent in gelatine, that the greatest differences are 

shown in a layer of agar, and agar-gelatine soap where the amount of 

excretion from a potassium cell may be double that of one filled with 

sodium. However, when lecithin is incorporated in the mixture, the 

difference between the action of the two bases is not very great. 

The several processes which are integrated in these results may 

be simply stated as follows: First, the plasmatic layers begin to go 

into solution as soon as the cell is filled and the resulting osmotic 

action will be one characteristic of such solution. About 10 per cent. 

of an agar-gelatine soap layer 2 or 3 mm. in thickness would be dis- 

solved at the end of the fourth day, but after this saturation point of 

the cell contents is reached the plasmatic layer dissolves slowly as new 

supplies of water are absorbed so that cells have been seen to operate 

for 60 to 80 days. 

It has been pointed out previously that such a cell with a plasmatic 

layer of agar-gelatine-potassium oleate mixture has at the beginning 

a tonicity by which it shows endosmosis in a 0.03M solution of 

potassium chloride. After some action in this concentration it may 

be moved by stages to a solution of 0.005M from which it will absorb 

water.** 

11 MacDougal, D. T., “ Distentive Agencies in Growth,” Proc. Soc. for 

Exper. Biol. and Med., 18: 103-110, 1921. 

12 See Fitting, H., “ Untersuchungen ueber die Aufnahme von Salzen in 
die lebende Zelle,” Jahrb. f. Wiss. Bot., 56: 1-64, 1915. 

Stiles, M. A., and Kidd, F., “The Comparative Rate of Absorption of 

Various Salts by Plant Tissue,” Proc. Roy. Soc. Lond., B, 90, 487-504, 1919. 

Kahho, H., “Ein Beitrag znr Permeabilitat des Pflanzenplasmas fiir die 

Neutralsalze,” Biochem. Zeit., 120, 284-303, 1921. 
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The above applies to cells filled with water and immersed in water. 

When-the contents include substances already in solution, such as the 

salts of potassium and sodium, the action of these salts on the colloids 

both as to their solution and hydration are to be taken into account. 

As hydroxide at 0.01M potassium is found to retard the hydration 

of agar more than sodium. Whether this would be true of the desig- 

nated colloidal mixture, and as a chloride, has not been tested, but 

probably this action would be reversed.'? 

The ionic velocity and speed of penetration of the potassium would 

be greater, and its superior osmotic action would result in a greater 

endosmosis than in the cell containing sodium. 

That solution of colloids, the penetration of the pores by colloidal 

matter, and the action of salts and other compounds act progressively 

may well be inferred from the long-continued swelling action of these 

biocolloids in dilute salt solutions and amino-compounds, on the one 

hand, and on the other by the fact that when biocolloidal cells are set 

in action the rate of endosmosis rises until some time in the third 

24-hour period, no change having been made in the preparation mean- 

while. A decline in the rate takes place during the fourth day, but 

the decrease is so slow that endosmosis may continue for 60 to 80 

days. Such action is illustrated by the following figures: 

Amount of Endosmosis. 

Contents. 
Re- 

Ist Day.|2d Day.'3d Day.|4th Day.| filled | 6th Day. 
5th Day. 

ieee eX sine s +s 0.3 iS 2.8 1.7 
IO COL EL 6 onic Sk cece 0.7 1.8 3.5 2.2 2.6 2.6 c.c. 
Asparagin 0.01M........ 0.8 2.4 4.5 3.0 1.6 2.2 

The above procedure, it should be noted, is one that characterizes 

the agar-gelatine-soap biocolloid and is not shown by agar in which 

endosmosis falls off rapidly. 

The foregoing tests serve to illustrate the operation of the arti- 

ficial cell which it was proposed to use in determining the possible 

action of a peripheral layer of lecithin or lipoids in the absorption of 

salts by the plasmatic layer. Lecithin had been incorporated with 
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the other main components of a lining layer in one series of prepara- 

tions, but the effects of its action as minute globules distributed 

throughout the mass were indeterminate, as noted above. A special 

series prepared in such manner as to secure a lipoidal layer external 

to the plasmatic mass and lying next to and in the wall was next 

prepared. 

Clay filter thimbles which had been cleaned and warmed in dis- 

tilled water were drained a few seconds, then 4 c.c. of a 2 per cent. 

solution or emulsion of lecithin was poured into it. After stoppering 

the thimble was turned in the hand for about two minutes in such 

_ manner that the lecithin was made to bathe the entire inner surface — 

repeatedly. About 3 c.c. of liquid would be poured out when the 

stopper was removed, but this would be of a lighter hue indicative 

of the fact that some of the lipoid had been taken up by the cup, 

where it would be held in the inner surface layer. If the properties 

of the lecithin layer alone were to be tested, the osmometer head 

would be put in, the desired solutions poured in through the funnel 

tube, and the thimble set in the immersion fluid. If a more complete 

simulation of the conditions in the cell were desired, the thimble 

treated with lecithin received about 10 c.c. of liquid jelly, and after 

_ being again stoppered was turned for another two minutes, when this 

was also poured out, leaving a thin layer on the wall, and the osmom- 

eter head put in place. Such cells now included a great central 

vacuole to receive any desired cell-contents, had a plasma of an agar- 

gelatine-soap mixture, and a peripheral layer of lipoid which had 

undoubtedly penetrated the wall to some extent. The pores of the 

clay walls were so large that solutions of potassium and sodium 

would pass through them readily setting up no pressures. 

That the deposit of lecithin had effectually closed the larger pores 

was evidenced by the fact that when cells treated with lecithin only« 

were filled with potassium chloride or sodium chloride at 0.01M, the 

average endosmosis in 24 hours as measured by the excretion for 

the potassium was 6 c.c. and slightly less than 4 c.c. for the sodium. 

These figures represent the integration of the action of the two 

kations on the lipoid and their osmotic pull. 

Next a series of cells with a lecithin layer and an inner layer of 

agar and gelatine were arranged to test the influence of saponin on 
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the action of potassium solutions. Two cells were used for each 

case and the endosmosis for 20 hours was as below: 

Cell-contents. ‘ Immersion. Excretion or Endosmosis. 

MTSE Pe cb ee vic di b's ccacducccduceuwes ts Water 1.3; 12 Ge. 

ee ae eh dae ek doeeek awk Water RS cee. 

I E. fihoikns «iysckon caves Saponin 0.2, 03 ce. 
Saponin .0o5M } 0.005 M 

KCl 0.005M (cell treated with 

lecithin only) ............ Saponin 0.0, 0.0 C.c. 

0.005 

KCl 0.005M (lecithin only) .............. Water 3:3, 3.5: CC. 

One of the most noticeable features of the tests with the potas- 

sium solution as above, as well as with the sodium and calcium the 

results of which are given below, is to the acceleration of the action 

of the cells so that the amount of endosmosis was greater during the 

‘first 24 hours than with cells not treated with lecithin. This is espe- 

cially noticeable in cells coated internally with lecithin only. 

The measurements of the action of cells filled with sodium solu- 

tion are given below: 

Cell-contents. Immersion. Endosmose. 

TCG so r'e'vg isc Gavcv ses cosuc et Water Td, TF tt 

OE” ES er eee Water 1.6, 1.5 c.c. 

NaCl o.oof MV . 
Cis eeteivavdiviads Saponin 0.005M 0.0, 0.0 c.c. 

Saponin 0.005M i a 

NaCl 0.005M (lecithin only) ......... Saponin 0.005M __0.0, 0.0 c.c. 

NaCl 0.005M (lecithin only) ......... Water 47; $6 ¢.c. 

A series of cells with calcium’ as the principal salt-content showed 

action as follows: 

Cell-contents. Immersion. Endosmose. 

st On, vases soe bb bss 40a 0s Water 2.4, 0.4 C.C. 

CaCl, 005M .....eeseeeceeeeeeeeeees Water 0.9, 0.6 C.c. 

CaCl, 005M } CLASS NCO eR Ree Saponin 0.005M 2.6, 0.2 €.c: 
Saponin .005M 

CaCl, .oo5M (lecithin only) ........-- Saponin .005M 

i Exosmosis 0 6(~O 

CaCl, .oosM (lecithin only) .........- Water 4.0, 0.5 C.C. 

The cells containing potassium were run for 20 hours, those with 

sodium 16 hours, and those with calcium 24 hours. The endosmosis. 

for two cells in terms of excretion of water is given in each case. 
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The control pair of cells are filled with watér and set in water 

giving the endosmostic action of the plasmatic colloids which dissolve 

into the central cavity. The osmotic action of the salts in cells set 

in water is illustrative of relative action of the three bases in these 

cells. The cells containing a salt and saponin in an immersion liquid 

of saponin were under conditions which would liquefy the lecithin 

layer and make it as well as the other jellies more permeable to salts 

of potassium and sodium. The liquefaction of the lecithin in calcium 

cells apparently was accompanied by the blocking of the larger pores 

in the clay wall, or by the coagulative action of the calcium on the 

agar-gelatine jelly and the lecithin. Cells with a lining layer of 

lecithin only showed a sufficiently low permeability as to give marked 

amounts of endosmose. 

The above results are of direct interest in showing that if the 

living cell does have a peripheral layer of lipoids the treatment with 

saponin might well result in its liquefaction with a resultant radical 

change in its permeability to salts. The observations of Boas are 

to the effect that some of the organic contents of the cell may exercise 

an influence on the action of saponin. 

The principal matter of importance in this connection, however, 

is the possible effect of the saponin on the cell colloids beside the 

lipoids which would alter their permeability relations. A series of 

cells were given the lipoidal treatment, then lined with gelatine-agar 

jelly. The following results were obtained: 

Contents of cell. Immersion. Excretion or Endosmosis. 

WV BREE 6 vik cide aa eee Bee Water 85 cc, 84 cc. 

Cane sugar 5 per cent......... Water 8.7 8.0 

Cane sugar 5 per cent......... KCl o.o1M 4.5 6.7 

Cane sugar 5 per i KCl .0025M 1.5 1.8 

Saponin .oossM f°” Saponin .0025M 

The clay walls of the cells are only slowly permeable to sugar 

and the clay thimble with no lining layer would probably show en- 

dosmose equivalent to the amount excreted when immersed in water. 

When the immersion fluid contains potassium chloride the endosmose 

is the resultant of the opposing action of the salt and sugar. If now 

the sole action of the saponin were to liquefy the lecithin and render 
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it more ore permeable to the potassium, the amount of endosmose by the 

action of the sugar in the cell contents would have been increased. 

It was lessened, in fact, suggesting that the saponin exercised some 

influence on the condition of the wall or the plasmatic colloids. A 

special series to test this matter was now arranged, as noted below: 

- Cell-contents. Immersion Liquid. Excretion. Comment. 

a Water I.4¢.¢c., 1.9 c.c. | Averages for 3 days 
KCl 0.005M Peer cars| Water 1.9 2.3 Averages for 3 days 
OS! Saponin 0.005 M 0.7 1.8 One cell on 2 days. 

4 Two other cells 
gave negative re- 

ei sults 

siege 005 ie Saponin 0.005 M 0.0 0.0 No positive results 

Sugar 5 per cent...... Water 2.2 2.2 Averages for 2 days 
Sugar 5 per cent , 0.0 0.0 First day 
Saponin 0.005 M --| Saponin 0.00sM 0.4 0.4 Second day 

; 0.3 0.5 Third day 
0.5 1.2 Fourth day 

KCI 0.005 M ee 0.8 0.8 First day 
K-oleate 0.005M K-oleate 0.005M 0.6 0.0 Second day 

The presence of the saponin results in a diminution of endos- 

mosis with either sugar or potassium chloride as the major con- 

stituent of the cell-contents. Such a result has only one explanation, 

that of increased permeability to both substances as a result of the 

action of the saponin on the clay wall and the plasmatic layer. 

After the above readings had been made the cell which contained 

potassium and was immersed in water was shifted to an immersion 

in saponin 0.005M. Exosmosis resulted immediately, which would 

be negative osmose, as the osmotic action of the salt solution would 

be much greater than that of the dilute saponin without. The cells 

containing water only were now filled with KCl 0.05 and immersed 

in saponin 0.005M. One gave 0.5 c.c., then showed exosmosis. The 

other gave 2 c.c. and 1.8 c.c. on successive days. 

An untreated clay thimble was filled with the combined sugar and 

saponin and set in saponin, with the result that an endosmosis of 

I c.c. was measured in the first day. Another untreated thimble 

filled with sugar in 5 per cent. solution gave 0.5 c.c. endosmose in 

1 day, which was below expectancy for these preparations. The cell 
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with an agar-gelatine plasma filled with a 5 per cent. cane sugar 

solution gave averages of over 2 c.c. daily when immersed in water, 

but action ceased when it was transferred to a 0.005M saponin 

solution. 

It is evident that the presence of saponin with sugar or salt solu- 

tions in the contents of the clay thimble or the cell, or in the im- 

mersion fluid, lessens endosmose, presumably by increasing the per- 

meability of the membranes, or layers of jelly and the firmer wall. 

Some of the agar (3 parts) -gelatine (2 parts) jelly used in 

making the plasmatic layer of the cells was dehydrated, coming down 

to a plate 0.12 mm. in thickness. Trios of section were hydrated 

under the auxograph with the following increases in thickness at 

14-16° C,: 

WOGRE. 6 o.o5:s Ka vicas kos ck 3 eR ee ee eae 2200 per cent. 

Saponin GO 654660 sssupwdeoe eeeke as pay eae 2830 per cent. 

KG) G08B. «06 i 0's os 6s Oakes Rae 2250 per cent. 

eRe PES Orly eee 1875 per cent 
Saponin 0.01. 

The actual hydration in the saponin was less than in water, that 

in KCl was still less, while the combination of the salt and the 

saponin restrict hydration still more. The action of the saponin on 

a plasma of the above type would therefore be to lessen permeability 

alone and in the presence of the salt. This would tend to increase 

osmotic action, if the plasma alone were concerned. It must be con- 

cluded, therefore, that the saponin has no action in the artificial cell 

except that which would lessen permeability of the plasma and 

increase that of a lipoidal layer and of the porous outer wall. 

Attention was now turned to the more difficult task of interpret- 

ing the action of living and dried cell-masses in solutions which might 

theoretically affect the peripheral layer. The measurements of 

Kahho were taken from roots fully hydrated in distilled water. 

When such roots were placed in KCl at 0.22M an initial shrinkage 

of 11 per cent. ensued within a few minutes, to be followed by an 

expansion which regained 4 per cent. of the shrunken length. 

The flat joints of Opuntia were chosen as the material for my 

own tests, as the composition and general behavior of these plants 



MACDOUGAL—ACTION OF LIPOIDS IN GROWTH. 49 

has been a subject of study at the Desert Laboratory for many years. 
‘Sections about I cm. square and having the thickness of the joint 
10.5 mm. were placed in various solutions at 14-18° C. and their 
‘changes in thickness recorded by the auxograph as below: 

Solution. Increase. Comment. 

Mmmmmere steels. 30.2500. 31 per cent. In 20 hours followed by shrinkage of 

s¥irl vy, 2 per cent. in following 30 hours 

eT ES ee 31 per cent. Continuous swelling for 50 hours 

. KCI 0.0075M \. «-.--15 per cent. In 12 hours followed by shrinkage of 

“‘Saponin 0.005 8 per cent. in 40 hours 

‘Saponin O01 -:........ Ir per cent. In 6 hours with shrinkage of 7 per 
cent. in 44 hours 

_ Shrinkage in the two cases treated with saponin would have 
reduced the sections to original dimensions in a few hours more. 

___ It is to be noted that Boas used 2.5 per cent. solutions of saponin 

in the treatment of the higher plants, which would be equivalent to 

about a 0.003M solution. 

A test was made with slices cut longitudinally from the median 

portion of the joint consisting chiefly of large, thin-walled paren- 

chyma. The average thickness of the trios in the swelling dishes 

ranged from 3.5 to 4 mm. and the increase was calculated on the 

original measurements. 

The following increases were obtained : 

Solutions. Increase. Comment. 

Re es cece ss 40 per cent. Very slight shrinkage after 30 hours 

SS) Sa 38 per cent. Very slight shrinkage after 30 hours 

KCI 0.005M WEta. desis 8 per cent. Decided shrinkage after 6 hours 
Saponin .oosM which carried the pen back near 

the base line in 40 hours 

fame Sugar ..i)ees0.:.. I per cent. 
Saponin 001M .......... 8 per cent. 

‘Saponin .005M .......... 9g per cent. Decided shrinkage after 6 hours 

which carried the thickness back 
nearly to the original after 40 

hours 

At the conclusion of the test as above the ones hydrated in water 

and in KCI were put in a saponin solution at 0.005M with a shrink- 

age, most rapid in the sections first swelled in KCl, which reduced 

them nearly to their original dimensions. 

PROC. AMER. PHIL. SOC., VOL. LXI., D, AUG. 12, 1922. 
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Another. series of slices of Opuntia about 2.5 mm. in thickness 

were first allowed to hydrate in water for 6 hours, in which time an 

increase of 35 to 40 per cent. was noted. The water in the dishes 

was now pipetted off and replaced with other solutions. Saponin 

0.005M and a mixture of saponin 0.005 and KCl 0.005 resulted in 

a rapid shrinkage to about the original dimensions in 10 hours. KCI 

0.005M had no effect on a trio of sections which quickly shrunie when 

the salt was replaced with saponin 0.005. 

~The maximum swelling of thin sections of dried oteen of 

_Opuntia was reached at a concentration of saponin between 0.001M 

and 0.005M. Samples which swelled 150 per cent. in water made 

an increase of 188 to 200 per cent. in such saponin solutions. Other 

samples which swelled 220 per cent. in water showed increases of 

260 to 320 per cent. in saponin at the above concentrations. The 

increase was practically identical with that of water at 0.0002M and 

‘at o.orM and stronger. The sections first dried and then hydrated 

as above showed no shrinkage at the end of 36 hours, even in the 

‘stronger solutions. . The action seems to be one purely of imbibition 

of water by walls, mucilages, and lipoids. It is not affected by KCl. 

The hydration of living sections in saponin shows the effect of 

altered permeability. A series of thin slices of living tissue were 

hydrated in a graded series as below, and after full expansion had 

been reached a neutral salt, NaCl, was added to increase permeability 

in some sections. The results are given below: 

Solution. Swelling. Time. Comment. 

0.005M 
Waterss Ama hen 33 per cent. 8 hrs. | Replaced by NaCl 0.01M and shrink- 

age set in steadily 
Saponin 0.005M..... 13 I5 min. | Followed by rapid shrinkage 
Saponin 0.001M..... 27 4hrs. | Followed by more gradual shrinkage 
Saponin 0.0002M....| 30 4hrs. | Replaced by NaCl 0.005M with 

shrinkage at rate identical with 
that in water 

Saponin 0.000,04M...| 39 6 hrs. | Replaced by NaCl 0.005M with 
gradual shrinkage at same rate as 
in above and in water 

The initial swelling of the sections is met and canceled most 

quickly in the stronger solutions, which increase the permeability of 
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the cell and allow the escape of its contents. Whether wall and 
plasma_-are equally changed is not shown. It is important to note 

that such increased permeability results in the stronger solutions 

without the addition of a salt as in Boas’s experiments. 
Increase of the hydrogen-ion concentration did not modify the 

action of the saponin in the single series of tests carried out as 

' shown below in which thin slices of living tissue were hydrated. 

Solution. Swelling. Time. 

Mueeeteas ©. 5205.05 VEU. OCS. 20 20 per cent. 2 hrs. 
Saponin 0.005M 
tila ae ea a 9 20 

_ Saponin 0,005M 
KCI ape pt i SHAS HE SAE be 9 10 

_ The presence of the salt, however, appeared to speed up the 

process of imbibition and to hasten the shrinkage. 

Sections of living tissue such as the above show a swelling 

slightly less than that in water when hydrated in acid at PH 2, due 

presumably to increased permeability. KHO at 0.01M also gives a 

swelling slightly less than water, at PH 12. Such a result would 

be much more complicated, as the hydroxide may affect lipoids as 

well as the proteins of the plasma. Sections which increase about 

75 per cent. in water swell only 31 per cent. in KHO 0.2M, 67 per 

cent. at 0.05, and 70 per cent. at 0.01, and the maximum lies near 

this concentration, a lessening swelling appearing in concentrations 

of 0.005M. 

Dried sections hydrated in a series of concentrations of HCl 

which swelled 240 per cent. in water did not reach this figure in 

HCl o.o1rN. At weaker concentrations no graded series of values 

was obtained, but increases of 255 to 300 per cent. were measured. 

These reactions would be similar to hydration values of agar-gelatine 

biocolloids in which the pentosanic and the albuminous components 

were nearly equal in quantity. Similar sections which swelled 185 

per cent. in water increased 200 per cent. in KHO at 0.01N, 250 per 

cent. in a 0.005N solution, 210 per cent. in a 0.001N solution, and 

gave the same value as water in KHO at 0.0002N. These hydration 

reactions are also in consonance with the relative swellings in water 
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and hydroxide of mixtures of agar and gelatine nearly evenly bal- 

anced. Although the. lipoids present would be liquefied in the 

stronger solutions, the effect of their presence is not discernible in 

the action of the dried sections in which the permeability of the wall 

and other layers has reached the maximum. 

The numerous corrections and amendments to the plasmolytic 

method of estimating permeability and tonicity of cell-contents are 

suggestive of the complexity of the factors which enter into the 

exchange between the cell and the medium. An average of sixty 

per cent. of the osmotic pressure of the cell sap is due to electrolytes. 

These with the non-electrolytes affect or determine the degree of 

hydration of the constituents of the plasma and the wall, upon which 

permeability depends directly. Such action is with but little refer- 

ence to the isotonic values of the substances concerned. A knowl- 

edge of the principal features of the hydration reactions of the 

plasmatic constituents, and of the cell-wall under the influence of 

cell-contents and medium is therefore fundamental to any compre- 

hension of the passage of material through the membranes of the 

plant. 

According to the recent work of Bartell and Sims, swelling or 

increase by hydration may be the result of the action of several 

forces. Whether their conclusion that a solution tending to exercise 

negative osmose increases hydration of the membrane, while condi- 

tions which shrink the membrane act positively is in agreement in 

all of its implications with those of Kahho as to penetration and 

hydration, is not yet clear.** Some of the newly disclosed possibili- 

ties of the intervention of the lipoids are to be taken into account in 

any consideration of the passage of material into or out of the cell 

with resultant changes in volume which constitute the essential fea- 

tures of growth. 

18 MacDougal and Spoehr, “The Components and Colloidal Behavior of 

Plant Protoplasm,” Proc. Amer. Phil.. Soc., 39, 150-170, 1920. See pages 156, 
157: 

¥ 14 Bartell, F. E., and Sims, L. B., “ The Relation of Anomalous Osmose to 

the Swelling of Colloidal Material,” Jour. Am. Chem. Soc., 44, 280-290, 1922. 
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THE SMALL ENTELODONTS OF THE WHITE RIVER 

OLIGOCENE. 

Investigation aided by a grant from the Marsh Fund of the National 
Academy of Sciences. 

By WILLIAM J. SINCLAIR. 

(Read April 22, 1922.) 

Contributors to the literature on the entelodonts or so-called 
“giant pigs” are in agreement in regarding the small animal with 

closely crowded lower premolars (p, excepted) from the Titano- 

therium beds of the Cypress Hills, Saskatchewan, generally known 

as Archeotherium coarctatum Cope, not only as quite distinct specifi- 

cally, but also as more primitive than the other American forms, Mr. 

Troxell in his recent paper even referring it to the European genus 

Entelodon.* 

The Princeton Expedition of 1921 was so fortunate as to secure 

from the Oreodon beds the skull and lower jaws of a small entelodont 

with unspaced lower premolars (the first excepted) and reduced m*, 

and a search through our own collections and those of the American 

Museum of Natural History, kindly placed at my disposal by Pro- 

fessor Osborn and Dr. Matthew, has brought to light additional mate- 

rial which makes it desirable to view the situation somewhat differ- 

ently from that indicated above. 

The recently acquired Princeton specimen (No. 12624, Figs. 1 A, 

. 2, 3 B, 4 A) was found by Mr. H. R. Wanless, to whom we are 

indebted for the discovery of so many fine entelodont skulls during 

the last two summers, and is from clays intercalated in the lower zone 

of rusty nodules in the Lower Oreodon beds at Culbertson’s? locality 

on Bear Creek (Princeton collecting locality 1016E2A) about four 

1E. D. Cope, “Contributions to Canadian Paleontology,” Vol. III., pp. 

20-21, Pl. XIV., Figs. 3, 3a, 1891. O. A. Peterson, Memoirs Carnegie Museum, 

Vol. IV., No. 3, pp. 55-56, Fig. 11, 1909. E. L. Troxell, American Journal 

of Science, Vol. L., p. 249, 1920. pens 

2See T. A. Culbertson’s diary under date of May 14, 1850, in Fifth An- 

nual Rept. Smithsonian Inst., p. 93. 
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and one half miles northeast of Scenic, Pennington County, South 

Dakota, and about a mile south of where “71 Table,” the local name 

for a mesa-like area of high plain, ends. In this specimen all the 
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Fic. 1. A. Archeotherium mortoni, No. 12624 Princeton University Geo- 

logical Museum. Left side of slightly distorted skull, about one fifth the 

natural size; view not in absolute profile. Large size-variant with reduced 

cuspidation in m*® and crowded anterior lower premolars. B. Archeothe- 

rium mortoni, No. 12709 Princeton University Geological Museum. Left 

side of uncrushed skull, about one fifth natural size; view in absolute profile. 

Small size-variant with unreduced cuspidation in m3. 

lower teeth except the last two molars had fallen from the jaw 

previous to fossilization, but the alveoli of the cheek teeth are well 

preserved and in contact, with the exception of those for the two 
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roots of p,, which are some 4 mm. removed from the canine alveolus 

and 14mm. from the alveolus for the anterior root of p,. In the 
upper dentition, where there is no indication of premolar crowding, 

a very decided simplification in the crown pattern of the third molar 

_is found and a reduction in the size of the tooth as compared with 

other specimens in which a larger number of cusps are present. In 

the anterior row (Fig. 3 A, B, left m*) there are two large cusps 

slightly joined in front by a sharp saddle, with almost no protoconule 
(Fig. 3 B) or, in another specimen, with a small development of this 

cusp (Fig. 3 A). In the posterior row, the metacone is well de- 
veloped, there is a very small metaconule sometimes not completely 

differentiated from the former, and a heavy posterior cingulum, 

which terminates against the protocone without any suggestion of a 

hypocone. The second Princeton specimen just referred to (No. 

12544) showing this type of third molar is also from the lower zone 

12624 

Fic. 2. Archeotherium mortoni, No. 12624 Princeton University Geologi- 

cal Museum. Right ramus of lower jaw from the outer side, about one fifth 

natural size. The anterior teeth are indicated by dotted outlines to localize 

the alveoles. 

of rusty nodules of the Lower Oreodon beds, but lacks the lower jaw. 

In the collection of the American Museum of Natural History a very 

small skull, No. 1481, from the Oreodon beds on Hat Creek, Nebraska, 

shows an extreme degree of crowding of the lower anterior premolars 

(c-p,, 4 to 5 mm.; p,-p,, 2.5 mm. to 3 mm.; p,—P;, 3 mm. to contact) 

associated with a type of m® indistinguishable from that just de- 

scribed. In a partial skull without lower jaws in the same collection, 

from the Middle Titanotherium beds on Lance Creek, Wyoming, the 

third upper molar (Fig. 5), which here has a slight external cingulum, 

shows even greater reduction of the cuspidation in the posterior row 

where the posterior intermediate is absent and metacone and posterior 

cingulum blend. 
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It is evident from the above that small forms with reduced m‘, in 

some of which the lower anterior premolars are closely crowded, have 

a wide range both in space and time, and it will, accordingly, be 

advisable to look into the matter of their relationship with both 

Archeotherium coarctatum and A. mortoni. All of the specimens to 

which I have referred are perfectly typical Archeotherium, differing 

from Entelodon in the triangular crown and notched anterior border 

of the fourth upper premolar, the spacing between the upper pre- 

molars anterior to p*, the absence of greater width in the posterior 

part of the. crown of p* and the presence of distinct para- and meta- 

conids in the lower molars, where preserved in association with the 

skull. In view of the comparisons to follow it is a fair presumption 

that the Cypress Hills form, from its resemblance to the South Da- 

kota and Nebraska skulls in the matter of crowded lower premolar 

dentition and other features, should properly be referred to Archeo- 

therium, rather than to Entelodon. 

A. coarctatum is based on a left mandibular ramus with all the 

teeth except incisors and canine, and the following characters are 

. either specified by Cope or may be deduced from his figure.* Com- 

parison will be made with the newly discovered material, with crowded 

lower premolar dentition, as we proceed. 

1. A. coarctatum differs from all other small entelodonts so far 

described in the absence of diastemata between the lower premolars, 

except for a very short one between the first and second, resembling 

the Bear Creek specimen in this respect, where the diastema is some- 

what longer, due to the greater size of the individual and differing 

from the Hat Creek skull (No. 1481, Am. Mus.) in lacking the small 

inconstant spacing between p, and p,. | 

2. The first lower premolar is separated by a very short space 

from the canine, also true of these specimens. 

3. The third premolar is larger than the fourth and the first and 
second are abruptly smaller than either of the others. P, was cer- 

tainly the largest in the Bear Creek specimen (Princeton 12624), with 

Pp. not much shorter than p,, judging from the extent of the empty 

alveoles. In the skull from Hat Creek the teeth have proportions 

3 Loc. cit., Pl. XIV., Figs. 3, 3a. 
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comparable to those shown in Fig. 4 B (see table of measurements) 

and are slender and compressed laterally. 

4. P, is said to have a compressed laterally-grooved single root in 

_ A. coarctatum. There are alveoli for two large roots in No. 12624 

(Fig. 4 A) and the small p, of the Hat Creek specimen is double- 

rooted. 

_ 5. The lower molars of A. coarctatum have the anterior tubercles 

elevated above the posterior row. The same is true in both the Bear 

Creek and Hat Creek specimens, but not more so than in some indi- 

viduals of typical A. mortoni. 

6. Heels in lower molars with three tubercles, the third or poste- 

rior median of which is said to be better developed than in A. mortoni, 

especially on the last molar. Cope’s figure shows the heel of m, to 

be as wide as the trigonid, with hypoconid and entoconid of the same 

size, while in m, it is narrower, with three large cusps, the hypoconid 

and entoconid of the same size and the hypoconulid very large. In 

our Princeton specimen from Bear Creek the heels of both m, and m, 

are narrower than the trigonids, with the hypoconid the largest and 

most prominent of the heel cusps, the other. two being distinct but 

much smaller (Fig. 4 4). In the Hat Creek specimen (No. 1481, 

Am. Mus.) the heel of m, is less narrow transversely than in the 

Princeton specimen, but the hypoconid is still the largest cusp, as it is 

also in m,, where the entoconid on the right side is somewhat larger 

than in the Princeton specimen and of about the same proportions as 

' in it on the opposite side. 

7. No internal cingulum is present on the molars of A. coarctatum 

and the enamel is smooth. There are no internal cingula in the speci- 

men from Bear Creek and the enamel is smooth on the triturating 

surface of the crown and slightly rugose on the sides. In the Hat 

Creek specimen it is practically smooth. 

8. Anterior border of coronoid sloping backward. Notch between 

coronoid and condyle more deeply concave than in the Bear Creek 

specimen, where the front edge of the coronoid rises vertically, as it 

does also in No. 1481 from Hat Creek. 

9. Lower premolar crowns strongly compressed laterally, espe- 

cially the anterior ones. None are preserved with our No. 12624, but 
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in No. 1481, Am. Mus., they are as strongly compressed laterally as 

in our No. 11440 (Fig. 4 B), a typical A. mortoni as noted later. 

Certain unassociated upper molars from the Cypress Hills locality 

are referred to A. coarctatum by Cope and Lambe.* Of these, the 

third molar, as figured by Lambe, has three well-developed and sub- 

equal cusps in the posterior row and strong external cingulum, quite 

different from the less complex type of cuspidation found in the 

specimens just described. Whether this specific reference is correct 

D. 10937 

F5. 3. 

Fic, 3. Archeotherium mortoni. Series of crown views, from contem- 

porary animals, of the third upper molar, one half the natural size, showing 

some of the variations in cusp development. A and B are of the left side; 

the others are of the right side. C is drawn from a tooth not fully erupted, 

the anterior cingulum being still covered by bone. pr, protocone; pl, proto- 

conule; pa, paracone; me, metacone; ml, metaconule; pr, posterior cingulum; 
hy, hypocone. 

can not be determined until lower jaws of unquestioned coarctatum 

type are found in association with upper molars. 

The skulls from Hat Creek and Bear Creek differ greatly in size 

(see table of measurements) and the latter has been deformed some- 

what by crushing, and has, unfortunately, lost the tip of the cheek 

4L. M. Lambe, “The Vertebrata of the Oligocene of the Cypress Hills, 

Saskatchewan,” Contributions to Canadian WRnnenterogy, Vol. IIl., Part IV., 

p. 26, Pl. IL, Figs. 10, 11, 1908. 
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flange and the dependent mandibular processes. The outward and 

backward slope of the cheek flange (Fig. 1 A) is undoubtedly ac- 
 centuated by crushing, but its width has not been increased thereby. 

Apart from its greater size, the part remaining is not essentially unlike 

that of the small skull in the American Museum collection (Hat 

_ Creek specimen), which, in turn, except for the reduced m*, can not 

be distinguished from our No. 12709 shown in Fig. 1 B and regarded 

as typical A. mortont. 

The type of A. coarctatum lacks the inferior mandibular border 

anterior to the “first” (fourth) premolar, consequently the shape of 

the dependent processes is unknown. Both processes are lost by 

decay in No. 12624 (Fig. 2), but were evidently present. Fortu- 

nately, they are well preserved in the Hat Creek specimen (Am. 

Mus., No. 1481), where they are seen to be of the A. mortoni type, 

made familiar by Peterson’s drawing.*® 

Turning now to A. mortoni, the type specimen, a fragment of the 

maxillary with p* and p*‘ in place, figured by Leidy on Plate IX., 

Fig. 3, “ Ancient Fauna of Nebraska,” is manifestly inadequate from 

the modern point of view, but we must not forget that Leidy was just 

as fully entitled to find his own original type inadequate as any sub- 

sequent writer and, therefore, to redefine it in-terms of other speci- 

mens. The young individual with milk and permanent dentition 

which he figures on Plates VIII. and IX. of the Ancient Fauna is, 

therefore, an “ heutotype,” as this term is defined by Schuchert and 

Buckman. On this specimen, I submit, the species Archeotherium 

mortoné is adequately founded. It is an individual with richly tuber- 

culated third upper molar, with three cusps in the front row and a 

large number of small tubercles in the posterior row among which the 

metacone, metaconule, hypocone, posterior cingulum and an additional 

cusp anterior to the metacone and metaconule may be made out, 

although by no means as distinctly as in Fig. 3 E and F. There may 

be departures from this fully tuberculated type of m® in the develop- 

ment of the hypocone which may be barely distinguishable from the 

posterior cingulum (Fig. 3 D) or large and fully formed (Fig. 3 

5 Loc. cit. p. 48, Fig. 4. 

® Science, N. S., Vol. 21, No. 545, D- 900, 1905. 
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E, F), and also a variation in the size of the metaconule (Fig. 3 

C-F). Lower jaws are associated with some of the skulls showing 

these types of third molar and in them variations in the spacing of 

the anterior premolars and in the structure of the lower molar heels 

A B 

12624. M440 

Fic. 4. Archeotherium morioni, lower dentition of the right side crown 

view, one half of the natural size. A. Lower jaw of large skull from Bear 

Creek, showing the empty alveoles of the anterior teeth, m, and m, alone 

remaining in place. B. Lower dentition with well-spaced premolars belong- 

ing with a small skull from Sand Creek, Nebraska. Both specimens in the 

Princeton collection. 
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may be noted. Princeton No. 11440 is a typical A. mortoni with a 
- large hypocone on m* widely spaced anterior lower premolars and a 
large hypoconulid and entoconid in the heel of m, (Fig. 4 B). No. 
1483, American Museum, from the Oreodon beds on Hat Creek, 
Nebraska, has the hypocone of m* intermediate in size between that 
shown in Fig. 3 D and 3 F, with the spacing between the lower pre- 
molars as follows: c-p,, 5 to 7.5 mm.; p,-p,, 11.5 to-13 mm.; p,-p,, 
3-5 to 4 mm. ; p;—p,, 2 mm. to contact, in contrast with c—p,, 6; p,—p,, 
9; P--Ps, 173 Ps—Py, 3-5, as shown in Fig. 4 B. In this second Hat 

Creek specimen the heel of m, is similar to that of our No. 12624 
(Fig. 4 A), except that the hypoconulid is a broad ledge instead of 
being broken up into accessory cusps. In Peterson’s figure’ the spac- 
ing of the lower premolars is as shown in our Fig. 4 B, the hypocone 
is small and but slightly differentiated from the posterior cingulum 

in m*, and the third lower molar has a heel similar to that shown in 

_ Fig. 4 A, except for the minor cuspidation there seen. The longest 

gap in lower premolar spacing is ordinarily between p, and p, as in 

Fig. 4 B, but in No. 1483, American Museum, reference to the dimen- 

sions just given will show that it is between p, and p,. All the 

variations in molar pattern shown in Fig. 3 are strictly contempora- 

neous, all the specimens being from the lower zone of rusty nodules 

of the lower Oreodon beds. Whether the development of cingula, 

rugose enamel and accessory cuspules in the teeth of entelodonts is to 

any extent nutritionally controlled, as suggested by Nathusius’s® ob- 

servations on domesticated pigs, is difficult to determine, but may well 

be used with caution in establishing or defining species. 

We may next turn to the specimens in the Yale collection which 

Mr. Troxell has named A. clavus clavus and A. clavus darbyi. Mr. 

Peterson, in his monograph on Dinolyus,® has regarded the first as a 

subspecies of A. mortoni, and I have elsewhere indicated my inability © 

to distinguish between them and specimens in the Princeton collection 

referable to A. mortont. The material secured by our 1921 Expedi- 

tion rather increases the difficulty in that it presents additional types 

7 Loc. cit., pp. 48, 49, Figs. 4-6. : 

§Vorstudien fiir Geschichte und Zucht der Hausthiere Zunaechst am 
Schweineshaedel. H. von Nathusius, Berlin, 1864. 

® Loc. cit., p. 49. 

* 
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of molar pattern and premolar spacing in association with skull struc- 

tures like those of Mr. Troxell’s clavus and darbyi, which, in turn, 

are not essentially unlike those of A. mortoni. An examination of 

Mr. Troxell’s text and Fig. 37° will show that m* of A. clavus clavus 

is of much the same general type which I have attempted to represent 

in Fig. 3 D. Mr. Troxell describes it as follows: “ The protocone 

has a position midway fore and aft, and has encroached on the hypo- 

cone so that the latter is scarcely visible; it is, in fact, smaller than 

the metaconule and is nothing more than a heel, continuous with the 

hypostyle. The metacone is also lower than the metaconule, which 

already shows a lake of dentine by reason of the wear.” In the in- 

ferior dentition, in m, “the hypoconid is strongly developed; on the 

other hand, the entoconid is weak. A distinct posterior heel may be 

seen. M, is much like m,, except that a very marked posterior heel 

and a less strong hypoconid are observed,” and these points are well 

brought out in the drawings accompanying Mr. Troxell’s text. In 

~ @ 
Fic. 5. Archeotherium mortoni, No. 9315 American Museum, Right 

upper m® showing an extreme degree of cusp reduction. One half the natural 

size. 

A. clavus darbyt m* is “ round or slightly oval, due to the strong lobes 

of the para- and hypocones. There is a moderate cingulum anterior 

only and no heel. The protocone is forward of the mid-line. The 

hypocone is strong.” In Fig. 8 of Mr. Troxell’s paper, where the 

lower teeth, with somewhat worn crowns, are represented, there is a 

weak entoconid on m,; no hypoconulid is shown on this tooth, while 

on m, there is a very large hypoconid and a posterior and internal 

_ledge from which the remaining cusps do not seem well differentiated. 

Perhaps this is what Mr. Troxell refers to when he writes of “the 

absence of heel in m,” being an unusual feature which distinguishes 

it “from the other specimens present.” Neither of the Yale speci- 

mens possess unspaced lower premolars. 

In the presence of this melange of characters I am quite unable. 

to separate species on the basis of constant association of constant 

differences. Certain characters, like the complication of crown pat- 

10 Loc. cit., pp. 364, 365. ’ 
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_.tern in m*, may be regarded as progressive, but among contemporary 
individuals in the series the increments of change appear to fluctuate 
in an irregular way, certain cusps in less advanced teeth being very 
large, while in more advanced teeth they may be quite small (compare 
‘m’, Fig. 3 C, E), or small in some and large in others (m’, Fig. 3 
E, F). Small bodily size is not confined to individuals with less 
complex m* or those with the anterior lower premolars unspaced, and 
these are connected with the more richly cuspidated and fully spaced 
types by such a transitional form as No. 1483, Am. Mus., where m? 
resembles Fig. 3 D, and there are very short spaces between the ante- 
rior lower premolars. So far as the assumed primitiveness of A. 
_coarctatum is concerned, every one of its characters which might be 
regarded as primitive is possessed in some degree by specimens which 
differ from it in other respects, as I have tried to show, and we are 

faced by two alternatives, either the naming of every variant, which 
results in making practically every specimen a separate species, for 
almost every one of them shows a new grouping of characters which 

appear somewhere else in a different association, or the referring of 

the lot to one species for which the name A. mortoni has priority and 

which seems, as Dr. Matthew has suggested to me in another con- 

nection, to be made up of several interbreeding strains, diagrammati- 

cally a number of anastomosing lines, which differ by various small 

unit characters or combinations thereof, transmitted to the individual 

from the various pure lines which enter into its ancestry. Reference 

to the accompanying table of measurements will show a considerable 

range in size, but I am not able to correlate this, as already indicated, 

with the structural variations noted above. 

The situation with regard to these small entelodonts suggests that 

certain of the structural differences which have been used for the 

separation of some of the larger forms would be found to intergrade. 

if we had larger series of contemporary specimens, which, unfortu- 

nately, do not yet exist in museum collections. If the conclusions 

reached above are well founded, it may be considered certain that 

A. mortoni ranges down into the Titanotherium beds," but neither it 

11 Peterson reports a number of skulls, portions of skulls and teeth in 

the Carnegie Museum, collected by himself and others from the Titanotherium 

beds of Nebraska and South Dakota and agreeing with A. mortoni as figured 

by Leidy. Peterson, loc. cit., p. 47. 
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nor the genus to which it belongs has yet been reported from the 

Protoceras-Leptauchenia level. 

Am. Mus. P. No. 
No. 1481 

Skull length, ant. 

base of canine to 

condyle (inclusive) 323 
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me CODONS FROM THE BIG BADLANDS OF SOUTH 
DAKOTA. 

Investigation aided by a grant from the Marsh Fund of the National 
Academy of Sciences. 

By WILLIAM J. SINCLAIR. 

(Read April 22, 1922.) 

INTRODUCTION. 

Studies in progress at Princeton on the M esohippus bairdii- 
Oreodon culbertsoni zone of the White River Oligocene, typically 

developed in the Big Badlands of South Dakota, have made necessary 

an examination of specific characters in the genus Hyracodon, con- 

sidered as an index fossil, and also a review, in this connection, of a 

recent paper on the subject by Mr. Troxell.+ 

THE Four Speciric TyPEs. 

Four distinct types can easily be recognized as follows: 

A. With the end of the protoloph curving round the end of the 

metaloph in p* and completely fusing therewith in worn teeth, iso- 

lating a central depression. Inner wall of tooth not deeply grooved. 

Anterior cross-crest in p’ present, but may be small and little more 

prominent than the cingulum. Fig. 1. 

B. With the transverse valley of p* blocked by a spur from the 

protoloph which abuts against the anterior wall of the metaloph. 

The latter cross-crest is longer than the former in unworn teeth, but 

tends to shorten up as the tooth wears. Inner wall of tooth deeply 

indented; pt with anterior cross-crest present or absent. Fig. 2, 

A-C. 

C. Transverse valley of p* wide open; p* with anterior cross-crest 

small or absent. Fig. 3, 4, B. 

D. Transverse valley of both p* and p* wide open. Anterior 

cross-crest in pt of variable size. Figs. 4, 5. 

1“ New Species of Hyracodon,” American Journal of Science, II., July, 

1921, PP. 34-40. 
* 65 
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I am unable to separate these four groups on the basis of the 

lower dentition. For systematic and stratigraphic purposes they may 

be conceived as species, although some might wish to term them sub- 

species. It will be noted that the distinctions between them are based 

primarily on structural differences in the upper posterior premolars 

which become increasingly molariform, the change beginning with 

the fourth and working forward, a situation occurring in many mam- 

malian groups and always regarded as indicative of progressive evo- 

lution. No intermediate stages between these four types of structure 

in p* have been observed and, in the absence of blending, they are 

probably to be regarded as distinct species, on the basis of constant 

association of constant differences. Whether these slight differences 

in dental structure were accompanied by sexual antipathy between 

the various types is, of course, outside the realm both of paleontology 

and available data. It is possible that the four types were derived 

from each other in the order mentioned, ancestor and descendant 

continuing to exist contemporaneously for a time (see table showing 

vertical range). Other assumptions are equally possible. 

In groups A, B and C there is a sequence of size variations, inter- 

grading by small increments, so that size must be ruled out for pur- 

poses of specific discrimination unless we are content to change the 

name every few millimeters. 

NOMENCLATURE AND SYNONYMY. 

In specific nomenclature there exists some confusion which, I 

believe, can now be eliminated. There can be no question that the 

tooth structure described in A and illustrated in Fig. 1-is identical 

Fic. 1. Hyracodon arcidens, No. 12518 Princeton University Geological 

Museum. Upper premolar-molar series of the left side, crown view, three 

fourths the natural size. 



68 SINCLAIR—HYRACODONS FROM THE 

with that shown in a specimen from the Titanotherium beds at Bone 

Coulee, Cypress Hills, Saskatchewan, and designated by Lambe? 

Hyracodon priscidens. Cope’s® brief characterization of Hyracodon 

arcidens makes it evident that he had before him a specimen showing 
the same features as does our No. 12518 (Fig. 1) from the zone of 

rusty nodules, forty feet, more or less, above the base of the Oreodon 

beds in Indian Creek, Pennington County, South Dakota. Similarly, 

Troxell’s Hyracodon arcidens mimus* from the Oligocene at Dead- 

wood, South Dakota, and his Hyracodon selenidens® from the Middle 

Oligocene of Colorado are size variants within the same structural 

range. Cope’s’ Hyracodon arcidens must take priority. The holo- 

type of this species seems to be misplaced, as the specimen so recog- 

nized by the American Museum (No. 6309, Am. Mus. Nat. Hist.) 

and figured as the holotype in the Cope plates® does not agree with 

Cope’s description of the specimen on which his species was based. 

The so-called holotype, from the Cedar Creek beds (Oreodon zone) 

of Logan County, Colorado, is an old individual with the crown pat- 

terns of the premolars obliterated by wear and is practically indeter- 

minate specifically. Hyracodon priscidens Lambe, H. arcidens mimus 

Troxell and H. selenidens Troxell take precedence in the order given. 

The various specimens of what we may now speak of as Hyra- 

codon arcidens, when arranged in order of size, are seen to intergrade 

by small increments as follows: 

COpe's TURGias ss cei See a sh aR premolar series, length 72 mm.? 

Princeton Geol. Mus. No. 10816 ...........+: premolar series, length 71.5 

Princeton Geol. Mus. No. 12518 ...........5. premolar series, length 67 

H, arcidens mimus, Yale P. M. No. 11174 ....premolar series, length 678 

Lambe’s type of H. priscidens ..........0000 premolar series, length 57° 

H. selenidens, Yale P. M. No. 11173 ......... premolar series, length 578 

2L. M. Lambe, Trans. Royal Society of Canada, second series, 1905-6, 

Vol. XI., Section IV., pp. 37-42, Plate I, issued August, 1905. 

8 E. D. Cope, Paleontological Bulletin No. 15, p. 2, issued August 20, 
1873. 

4E. L. Troxell, loc. cit., p. 36. 
5 Tbid., p. 37. 

6 Hitherto Unpublished Plates of Tertiary Mammalia and Permian Ver- 

tebrata. U. S. G. S. and Am, Mus. Nat. Hist., 1915, Plate CII. I am told 

that this specimen was marked as the type on Cope’s label which accompanied 
it. 
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There are comparatively few specimens available of this species. 

Additional ones would undoubtedly afford a larger series of size vari- 

ants and close some of the gaps, but even those listed above are suffi- 

cient to show intergradations by less than ten per cent. in some cases 

= 
/7) “Yphh 

12662, x 3/4 

Fic. 2. A, maximum, B, intermediate and C, minimum size variants of 

Hyracodon nebrascensis. Upper premolar-molar series of the left side in 

crown view, three fourths the natural size. Specimens No. 12563, 12687, 
12662 Princeton University Geological Museum. 

7 Measurements given by Cope in type description. 

8 Measurements given by Troxell, loc. cit., p. 40. 

® Scaled from Lambe’s “ natural size” figure, loc. cit., Plate I. His table 

of measurements in the text (p. 40) gives 62 mm. for this dimension. If this 

is correct, there are intergradations of less than 10 per cent. throughout in 

the variation series listed above. 
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and a little under twenty per cent. in others.®° In view of similar, but 

more complete, series of intermediates to be discussed in the para- 

graphs to follow, I feel that we are here dealing with individual vari- 

ations and recognize but one species possessing the characters de- 

scribed under A and shown in Fig. 1, which, I suggest, we agree to 

call Hyracodon arcidens Cope. 

Turning now to the tooth structure described under B and shown 

in Fig. 2 A-C, to specimens showing which I believe Leidy’s name 

Hyracodon nebrascensis is applicable, it is quite true, as Mr. Troxell 

points out, that the original description was without figures (many 

of them were at that date), and that the drawings accompanying 

Leidy’s memoir on “ The Ancient Fauna of Nebraska” show, as Mr. 

Troxell observes, “a widely diversified group.” While Dr. Leidy 

did not always designate his early types in subsequent publications 

dealing with them, he frequently figured them there carefully, and, in 

this particular case, his reference to the type specimen is sufficiently 

detailed to make its identification from the figures practically certain, 

as will appear from the following considerations: 

Mr. J. W. Gidley has kindly placed at my disposal a so-called 

“type” of Hyracodon nebrascensis preserved in the United States 

National Museum (No. 138 of their vertebrate paleontological col- 

lection). This is the specimen figured on Plate XIIA, Fig. 6, of 
Leidy’s “Description of the Remains of Extinct Mammalia and 

Chelonia” from D. D. Owen’s “ Report of a Geological Survey of 

Wisconsin, Iowa and Minnesota; and Incidentally of a Portion of 

Nebraska Territory,” Philadelphia, 1852. Comparison of the speci- 

men with Fig. 13 of Plate XIV., “ Ancient Fauna,” will show that it 

is the same as the one there figured, for the artist has faithfully ren- 

dered certain minor breaks in the teeth which make identification 

unquestionable, but the drawing, as reproduced, is a little smaller 

than the natural size. In the first of the publications just referred 

to, Leidy states that “this species was first established upon the ante- 

rior portion of a skull and lower jaw, containing all the molar teeth 

of an old individual belonging to the collection of the Smithsonian 

Institution.” He then goes on to mention two specimens in Dr. 

Owen’s collections (which are again referred to in the text of the 

“Ancient Fauna,” p. 86), “a head of the same species, of a very old 
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individual, | with the upper part of the whole length broken away,” 

which “contains all the molars nearly perfect,” with “the crowns 

worn nearly to the edge of the alveoli,” and “also in the same collec- 

tion a face very much mutilated, except the forehead, of an individual 

which had just reached adult age” and which “ contains all the molars 

nearly perfect, the last one about two thirds protruded.” This sec- 

ond-mentioned specimen is the so-called “type,” beyond the per- 

adventure of a doubt, for it shows all the features enumerated by 

Leidy, and has been figured by him, as I have indicated, and as he 

states himself, in Fig. 13, Plate XIV., “Ancient Fauna.”° The 
very old individual with the top of the head gone is, also according 

to Leidy’s own statement, the original of Plate XV., Figs. 1 and 2, 

“Ancient Fauna.”*+ On pages 86 and 87 of this memoir a list of 

all specimens of Hyracodon known up to the date of acceptance of 

_ the memoir (December, 1852) is given. Omitting all the references 

to fragments which, manifestly, have no connection with our endeavor 

to identify the type, and passing over the descriptions of the two 

Owen specimens, which appears in substantially the same words as 

have been quoted above, we find at the head of the list mention made 

of “the anterior portion of a skull, accompanied by the lower jaw, of 

an adult individual. The former has the forehead, orbital entrance, 

and molar teeth well preserved, but the face is very much broken and 

its nasal part is displaced. The lower jaw contains all the molars in 

perfect condition, but it has lost its rami and the symphysis.” These 

parts are figured on Plate XIV., Figs. 1-3, and on Plate XV., Fig. 3, 

of the “ Ancient Fauna” and are said to be from Captain Stewart 

Van Vliet’s collection. Nothing is said about the type in the Smith- 

sonian Institution which he had previously described in similar phrase, 

speaking of it as an old individual, which a glance at the plates will 

show the Van Vliet specimen to be. I do not regard this as an over- 

sight, but believe that Leidy had in mind one and the same specimen, 

which might very well have come from Captain Van Vliet’s collection 

and yet belong to the Smithsonian Institution.’* Leidy’s figure shows 

10 See “ Ancient Fauna,” page 86, third line from foot of page. 

11 See page 87, second line. 

12 Mr. Gidley is unable to supply any information regarding the present 

location of this specimen. No. 138 of the National Museum collection, ac- 

cording to Mr. Gidley, is recorded in the old catalogue as having been col- 

lected by Dr. John Evans. 
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an_individual with well-worn teeth, but with a posterior premolar of 

the blocked-valley type, with deeply grooved inner tooth wall as 

defined under B, and of a size practically identical with No. 12687 

(Fig. 2 B) of the Princeton collection. I, therefore, submit that 

Leidy’s Hyracodon nebrascensis, in this limited sense, is entirely 

applicable to that sequence of individuals within the genus which has 

the transverse valley of p* blocked in the manner indicated, and that 

no adequate grounds exist, or have existed, for discarding the name. 

Figures 4-8, Plate XIV., of the “ Ancient Fauna” seem to represent 

unworn examples of the same type. 

As in the preceding species, a series of individual variants can be 

made out, intergrading by increments of not more than four milli- 

meters between extremes in the length of the molar series, here taken 

as the basis for comparison, because present completely in all the 

specimens studied for dimensions. Material from the Princeton col- 

lection only is used as follows: 

No. 12662, molar series, length 57 

No. 12687,'molar series, length 61 

No. 12688, molar series, length 61 

No. 12666, molar series, length 65 

No. 12680, molar series, length 67.5 

No. 12563, molar series, length 71° 

No. 10723, molar series, length 72 

Of these, the first five are contemporary and from a six-inch zone 

of rusty nodules about sixty feet (sometimes less) above the top of a 

similar zone affording No. 12563, which, in turn, lies some forty feet, 

more or less, above the base of the Oreodon beds and constitutes the 

lower zone of rusty nodules of our Princeton field nomenclature, 

while the other may be designated as the upper rusty nodular zone 

of the Lower Oreodon beds. No. 10723, on the other hand, is from 

well up in the Protoceras-Leptauchenia beds of the Upper Oligocene 

and is but a trifle larger than its Lower Oreodon beds predecessor. 

The specimen numbered 12662 (Fig. 2, C) is as small as Mr. 

Troxell’s H. selenidens, which I regard as an individual variant of 

H. arcidens, as already indicated, for exactly the same reasons which 

induce me to place this small specimen of H. nebrascensis as a ter- 

minal size variant in the nebrascensis series. Each conforms to its 

own structural type, but intergrades by small-size increments with 

the largest specimens referable thereto. 
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12705, x 3/4 
Fic. 3. A, maximum and B, minimum size variants of Hyracodon apertus 

sp. nov., of which No. 10803 is the type. Upper premolar-molar series of the 

left side in crown view, three fourths the natural size. No. 10803, 12705 

Princeton University Geological Museum. 

For the species described as C we are without a name and I pro- 

pose that it be known as Hyracodon apertus sp. nov., with reference 

to the wide-open valley of p* as described under C above, designating 

as type a skull with right ramus of the lower jaw, No. 10803, Prince- 

ton University Geological Museum, collected by Mr. J. B. Hatcher in 

1893 from a zone of brown nodules above the Protoceras sandstones 

in Corral Draw, South Dakota. A crown view of the premolar- 

molar series is given in Fig. 3 A. Regrettable as the proposing of 

additional specific names may be, it is unavoidable in this instance in 

order to designate a form already adequately figured by Leidy in 

Fig. 13 on Plate XIV., “ Ancient Fauna,” but grouped by him with 

nebrascensis, from which, however, the absence of blocking in the 

valley of p* easily separates it.1* To this species belongs the mounted 

18 Long-continued wear would, undoubtedly, isolate a central depression 

as shown in Leidy’s figure of nebrascensis (“ Ancient Fauna,” Pl. XV., Fig. 
3) or in Fig.2C. At corresponding stages of wear, however, p* is unblocked 

in apertus and completely blocked in nebrascensis (compare Figs. 2A and 34). 

The development of a transverse spur from the protoloph would convert p* 

of apertus into a tooth of the nebrascensis type; its loss in nebrascensis would 

result in the structure found in apertus. 
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skeleton in the Princeton University Geological Museum (Nos. 11414, 

11415, Fig. 8) monographed some years ago by Professor Scott** as 

Hyracodon nebrascensis. 

Here also a series of individual variants may be arranged, using 

the length of the molar series as our basis for comparison: — 

Princeton Geol. Mus. No. 12705 .........0s002s0e0- molar series, length 59 

Princeon Geol. Mus. No. 12702 .........-eeeeeeees molar series, length 64 

Princeton Geol. Mus. No. 11414 ........ eee eeeeeee molar series, length 64 

U.S. National Mus, No: 3804 sss0l eine sae sess molar series, length 65 15 
Princeton Geol. Mus. No. 10803 .............0.05- molar series, length 72.5 

The horizon .of Leidy’s specimen is unknown. Of the others, 

No. 12705 is from the lower zone of rusty nodules of the Oreodon 

beds, No. 12702 from the upper nodular zone of the same, No. 11414 

from the Upper Oreodon beds, and No. 10803, the type from the 

Protoceras-Leptauchenia beds of the Upper Oligocene. Once more 

I am convinced that these are only individual variations, and that, 

while there is a gap of a little over ten per cent. between the last two 

members of the series, additional specimens, when available, will 

close it. 

Fic. 4. Hyracodon leidyanus, No. 10802 Princeton University Geological 

Museum. Upper premolar-molar series of the left side, crown view, three 

fourths the natural size. The tip of m% appears just above the gum and is 

not shown in the drawing. 

To the fourth species, described under D, Mr. Troxell’s name, 

Hyracodon leidyanus, seems entirely applicable. In Fig. 4 is shown 

the upper premolar-molar series of an incomplete skull and lower 

jaws, No. 10802 of the Princeton collection, from the rusty nodular 

layer above the Protoceras sandstones in Corral Draw, in which the 

14W. B. Scott, “ Die Osteologie von Hyracodon Leidy,” Festschrift fiir 

Carl Gegenbaur, Leipzig, 1896. Pp. 353-384. Three plates. 

15Jn Fig. 13, Pl. XIV., “ Ancient Fauna,” this dimension is 62 mm., show- 

ing that the figure is not quite natural size. 
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third molaris-just appearing above the gum. In Fig. 5 a very much 
older individual (No. 10144, Princeton University Geological Mu-. 

seum) is seen, in which the open valley is retained in both the third 

and fourth premolars, both of which are well worn, as are also the 

anterior molars. The third molar is fully erupted and partly worn. 

Both these specimens are fractured in such a way as to show the 

absence of germs of replacement teeth above the posterior premolars 

and I can not escape the conclusion that we are here dealing with per- 

Fic. 5. Hyracodon leidyanus, No. 10144 Princeton University Geological 

Museum. Upper premolar-molar series from p 3m 3 of the right side, crown 

view, three fourths the natural size. 

manent teeth. In Hyracodon the milk dentition is more advanced in 

crown-pattern development than are the permanent premolars, even 

milk p? having an unblocked transverse valley (Figs. 6, 7). These 

molariform milk teeth have lower crowns and thinner enamel than 

their successors, and in p? there is a prominent style from the cingu- 

lum at the entrance of the transverse valley. Mr. Gidley has called 

_ my attention to certain specimens in his charge in which no germ 

teeth of. the replacement series appear beneath the milk premolars 

and suggests that they “ were very late in forming, but when started 

grew very rapidly to replace the milk dentition which seems some- 

times to have persisted until all the true molars have come into use.” ** 

‘Fic. 6. Hyracodon sp., No. 12679 Princeton University Geological Mu- 

seum. Milk dentition and m1 and 2 of the left side, crown view, three 

fourths the natural size. M2 had germinated but is not preserved with the 

other teeth. Germs of the replacement series appear in the maxillary above 

the first and third milk premolars. 

16 Personal letter. 
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This is probable, as shown by our No. 12679, but I do not feel justi- 

fied in regarding the well-worn premolars of our No. 10144 as per- 

sistent milk teeth and so have accepted without question Mr. Troxell’s 

species.17 Some doubt seems to exist about the stratigraphic position 

of his type specimen which is stated to be from the Middle or Lower 

Oligocene, Crow Buttes, South Dakota. The first-mentioned Prince- 

ton specimen occupies the stratigraphic position which might be ex- 

pected for such an advanced form, which, so far as anyone can say 

at present, may range into lower beds and even occur in the Lower 

Oligocene, a question which can be settled only by further collecting. 

The second Princeton specimen was obtained by the Expedition of 

1882 and is from the White River Oligocene of South Dakota, occur- 

ring in a matrix resembling that of the Leptauchenia beds, but no 

further information is available regarding its stratigraphic position. 

As there are but three specimens of Hyracodon leidyanus so far 

available, which agree closely in dimensions, no series of size variants 

can be recognized. 

See ron 

Fic. 7. Hyracodon sp. No. 3758 United States National Museum. First 

to third milk premolars of the right side, crown view, three fourths the natu- 

ral size. No germs of the replacement series have formed above these teeth. 

Of the’ other species discussed by Mr. Troxell, “ Hyracodon” 
planiceps'® appears among the rhinocerotidz in Dr. Matthew’s faunal 

17 The milk dentition shown in Fig. 6 has the crown-patterns of the pre- 

molars more obliterated by wear than in m? and the necks of these teeth are 

farther below. (i.e., ventral to) the alveolar border than is true of the first 

molar, showing that they were erupted and in use before the appearance of 

that tooth. In Nos. 10802 and 10144 (Figs. 4 and 5), the first molar is 

abraded to a greater degree than the two preceding premolars and the necks 

of the tooth crowns are approximately on the same level, demonstrating that 

the premolars appeared after the eruption of m1 and are of the replacement 

series. Mr. Troxell’s drawing of H. leidyanus shows m1 more extensively 

abraded than the premolars, so that their character as permanent teeth is fully 

established. Dr. Matthew has kindly called my attention to these criteria. 

18W. D. Matthew, “Cenozoic Mammal Horizons of Western North 

America,” Bulletin 361, U. S. G. S., in collaboration with Professor Osborn, 

Pp. 105, 1909. 
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lists published as far back as 1909. Hyracodon major, if properly 
referable to the genus, is specifically indeterminate and should be 

abandoned. The type consists of some skeletal elements in the 

Princeton collection, No. 10001, of unknown stratigraphic position 

other than that they are from the White River Oligocene of Dakota, 

and may be a little larger than the corresponding skeletal parts of the 

largest individuals of certain of the species here recognized. It is 

possible that still larger individuals of these existed than have so far 

appeared in the collections, but the diagnostic characters for their 

specific determination must depend, in any event, on the upper pre- 

molars and not on the skeleton. 

This completes a survey of the nomenclature and synonymy of 

the genus to date. 

RANGE IN TIME. 

The following table shows the range of species in time and in- 

cludes several specimens from the American Museum collection, not 

referred to in the text, kindly placed at my disposal by Professor 

Osborn and Dr. Matthew. It will be seen at once that each one of 

the four species recognized is not confined to a definite zone, but 

overlaps widely, in turn, on the time limits of the next and more 

advanced type. If Mr. Troxell is correct in placing H. leidyanus as 

low as the Titanotherium beds, it may well be that the divergence of 

all four species took place there, or even earlier, before the appearance 

of Hyracodon in the North American non-marine Oligocene of the 

plains region, to which it is, so far, narrowly confined and of which. 

it is an excellent index fossil. For zonal purposes the species are of 

little value, as they range through a considerable thickness of beds, 

and the same is also true of the size variants. 

In this table the heavy black lines show the position of the lower 

and upper zones of rusty nodules in the Lower Oreodon beds, both 

of which are properly included in the Mesohippus bairdiu-Oreodon 

culbertsoni zone, the upper and lower limits of which have not yet 

been established. The specimens discussed in the table are from the 

following localities: 

Hyracodon arcidens Cope. 

8807 Am. Mus. Nat. Hist. Oreodon beds, probably upper 

according to Dr. Matthew, Logan Co., Colorado. 
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12518 Princeton. Lower zone of rusty nodules, Lower Ore- 

odon beds, Indian Creek, Pennington Co., South Da- 

kota. 

Lambe’s type of H. priscidens. Titanotherium beds, Bone 

Coulee, Cypress Hills, Assiniboia. 

Hyracodon nebrascensis Leidy. 

10723 Princeton. Brown nodular layer above upper sand- 

stones of Protoceras beds, Corral Draw, South Dakota. 

12662 Princeton. Fifteen feet below upper zone of rusty 

nodules, Lower Oreodon beds, Corral Draw, South 

Dakota. 

12666, 12687, 12688, 12680 Princeton. Upper zone of rusty 

nodules, Lower Oreodon beds, Quinn Draw, South 

Dakota. 

12563 Princeton. Lower zone of rusty nodules, east part of 

Indian Creek basin, Pennington Co., South Dakota. 

Hyracodon apertus sp. nov. 

10803 Princeton. Brown nodules above the Protoceras sand- 

stone, Corral Draw, South Dakota. 

10978 Princeton. Upper Oreodon beds, Quinn Draw, South 

Dakota. ° 

11414 Princeton. Upper Oreodon beds, South Dakota. 

12702 Princeton. Upper zone of rusty nodules, Lower Oreo- 

don beds, Quinn Draw, South Dakota. 

12705 Princeton. Lower zone of rusty nodules, Lower Oreo- 

don beds, Corral Draw, South Dakota. 

Hyracodon leidyanus Troxell. 

10802 Princeton. Brown nodule layer above Protoceras sand- 

stones, Corral Draw, South Dakota. 

PRINCETON UNIVERSITY, 

Princeton, N. J. 



THE USE OF DEVICES FOR INDICATING VOWEL 

LENGTH IN LATIN. 

By JOHN C. ROLFE, Pu.D. 

(Read April 20, 1922.) 

The Latin language, like some others, passed through various 

stages as. regards pronunciation and accent. Before the days of 

Livius Andronicus, as is shown by sundry well-known linguistic phe- 

nomena, there was a stress accent on the initial syllable of every word, 

accompanied in the longer words by a secondary accent. In a few 

instances this early accent has left traces in the literature of the ante- 

classical period; for example, in the versification of Plautus. In 

general, however, it had given place to one which fell on the penult 

or the antepenult, very rarely and for special reasons on the last sylla- 

ble. The position of this new accent conformed to a simple rule, 

falling on the penult if that syllable was long; otherwise on the ante- 

penult. At about the same time greater importance was given to the 

quantity of vowels and syllables, not only those whose quantity deter- 

mined the accent, but throughout all words. This careful observance 

of quantity seems to have been due to Greek influence, which made 

itself felt first in Roman versification and then in the speech of 

educated Romans. 

It is well known that the meters used by the Roman poets, except 

for the occasional survival of the native Saturnian, were borrowed or 

adapted from those of the Greeks, who based their metrical schemes 

upon quantity. A dactyl, for instance, consisted of a long syllable 

followed by two shorts; not, as in English, of a stressed syllable fol- 

lowed by two without stress. That Latin verse, for some centuries 

after the time of Livius Andronicus, was based upon quantity is uni- 

versally recognized. It is also believed by most scholars, whatever 

their actual practice may be, that there was no “ictus” in the form 

of a strong stress on the first syllable, for example, of a dactyl or 

spondee, as in English and as in Latin poetry as it was formerly read, 

or “scanned,” by the English-speaking races. Some scholars, promi- 

80 
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nent among whonr was the late Professor Bennett, of Cornell Uni- 

versity, have maintained? that there was no ictus at all, its place being 

taken by what Bennett called “quantitative predominance.” Of 

those who believe in the existence of an ictus—and they are at present 

in the majority—some think that both ictus and accent consisted of 

a very slight stress; that in verse the ictus took the place of the 

accent, which was disregarded in the reading of poetry. Others be- 

lieve that, owing to the adoption of Greek literary models and Greek 

verse forms, educated Romans of the period from about 100 B.C. to 

300 A.D. used the Greek musical or pitch accent. Since the ictus, if 

it existed, was unquestionably stress, this view also disposes of the 

“conflicts” between accent and ictus. It may be said in passing that 

the only strong argument which has been advanced against Professor 

Bennett’s view is the statement, based upon experiments in the psy- 

chological laboratories, that rhythm without ictus is an impossibility. 

This statement Professor Bennett, in an unpublished paper to which 

I have had access,? questions on the ground that the experiments were 

made upon subjects of Teutonic race, to whom a stress accent was 

familiar and a pronunciation without stress was unnatural. 

For many scholars the question of the nature of the classical 

Latin accent was settled by Professor Abbott’s paper on “ The Accent 

in Vulgar and Formal Latin,” * in which he maintained that while the 

accent of the common people continued to be one of stress, the edu- 

cated Romans developed an accent in which pitch predominated. 

This view, which at first seems startling, if not improbable, is reason- 

able enough when we consider the extent to which Roman literature 

was based upon Greek, as well as the fact that to Romans of good 

education Greek was a second language, which was almost as familiar 

as the vernacular. Thus the emperor Claudius said to a foreigner 

who spoke both Greek and Latin: “cum utroque sermone nostro sis 

1See Bennett, in Amer. Jour. of Phil., XIX., pp. 361 ff. and XX., 412 ff. 

This view was expressed by Madvig, in his Latin Grammar of 1847, and it is 

supported by John Williams White in his work on The Verse of Greek 

Comedy, p. 9, and by others. 

2“ Theory and Practice in the Reading of Classical Verse.” An abstract 
appears in Univ. of Penna. Bulletin, XX., 1 (Oct. 1, 1919), pp. 362 ff. 

3 Classical Philology, I1., pp. 444 ff. 

PROC. AMER. PHIL. SOC., VOL. LXI, F, AUG. 30, 1922. 
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paratus.”* The theory is also given strong support by the circum- 

stance that both quantitative poetry and pitch accent by 4oo A.D. 

were giving place-to the native stress and to accentual poetry. For 

the detailed evidence I may refer to Abbott’s paper and to one by 

Professor R. G. Kent in the Transactions of the American Philologi- 

cal Association, LI., pp. 19 ff.° 

This theory of the nature and history of the Latin accent makes 

the metrical reading of Latin poetry, if not less difficult, at least more 

rational and, it is to be hoped, more uniform. It also makes possible 

the careful observance of the quantity of all long syllables, which 

would be difficult, and probably impossible, in such words as évita- 

batur and désiderabatur, if the accent were one of stress. Careful 

observance of quantity did not, of course, imply an abnormally slow 

delivery or a uniform length for every long syllable. Chceroboscus, 

a writer on Greek metrical theory, designates five degrees of length in 

syllables, and modern phoneticians recognize at least as many. 

It is natural to infer, as certain linguistic phenomena indicate, that 

the common people as a whole did not adopt the fashionable pitch 

accent ; but it was probably not without influence upon the speech of 

those who came most closely in contact with the upper classes or had 

social ambitions. Furthermore, the Greeks at Rome were not only 

the teachers of the children of the upper classes, but they filled many 

humbler positions and therefore were likely to influence all classes of 

society. Thus Juvenal writes: 

Quem vis hominem secum attulit ad nos; 

Grammaticus, rhetor, geometres, pictor, aliptes, 

Augur, schoenobates, medicus, magus; omnia novit 

Greculus esuriens. (Sat., III., 75 ff.) 

4 Suet. Claud., 42, 1; cf. Hor. Odes, III., 8, 5, docte sermones utriusque 

lingue, and many similar utterances. 

5 See also Turner, Classical Review, 1912, pp. 147 ff., who finds no evi- 

dence in formal Latin from 250 B.C. to the end of the fourth century of our 

era in support of the opinion that the Latin accent was primarily one of 

stress; although, as Professor Abbott again points out in Class, Phil., VIIL., 

p. 92, vulgar Latin seems to furnish clear proof of the predominance of 

stress. Skutsch, in Glotta, 1V., pp. 187 ff. suggests that the pre-literary first- 

syllable accent came from the Etruscans, and that the later three-syllable ac- 
cent was due to Greek influence. 
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The new pitch-accent became known to the commons also in the 

theatres, as they listened to the declamation of the comic and tragic 
actors. Cicero twice tells us® that all the whole audience cried out 

if a single syllable was pronounced too long or too short. That he 

referred only to the senators who sat with him in the orchestra, or 

at most added only the “fourteen rows” occupied by the knights, is 

made improbable by the context; for he prefaces the former state- 

ment with the remark, quotus quisque est qui teneat artem numerorum 

ac modorum, and follows the latter with the words, nec vero multi- 

tudo pedes novit aut ullos numeros tenet. And today auditors with 

good ears notice an unmetrical line in a Shakespearean play, or a false 

note in grand opera, even though they know nothing of musical 

theory or of meter. 

In many instances, of course, the difference between long and 

short was obvious and significant. Thus Nero used to pun cruelly 

at the expense of his saintéd predecessor, saying that Claudius had 

ceased inter homines morari, lengthening the first syllable of the last 

word, as Suetonius obligingly explains,” and thus changing its mean- 

‘ing from “linger” to “ play the fool.” We may compare hinc avium 

dulcedo ducit ad avium in the Auctor ad Herennium (iv, 29) and 

many similar word plays.® 

As is well known, the Romans employed various devices for indi- 

cating the length of vowels. A doubled vowel—e.g., Paastor, I, 

551,° 132 B.C.; Sreves, I, 1166, 104 B.C.—from about 134 B.C. until 

about 78 B.C., a period fixed by the testimony of inscriptions, as well 

as by the assignment of the device to the poet Accius,*® who, if he 

was the first to employ it in Latin, borrowed it from the Oscan. For 

6 Orat., 173 and De Orat., IIL., 196. 
7 Nero, 33, 1. The tense of iocabatur indicates that Nero was proud of 

this witticism and used it more than once. 
8It hardly seems necessary to say that the pronunciation of prose and 

poetry were the same. This is directly stated by Cicero, Orator, 190: ‘Sit 

igitur hoc cognitum, in solutis etiam verbis inesse numeros eosdemque esse 

_ oratorios qui sunt poetici’; and by Quintilian, Inst. Orat. IX., 4, 61: ‘Et in 

_ omni quidem corpore totoque, ut ita dixerim, tractu numerus insertus est; 

neque enim loqui possumus nisi syllabis brevibus ac longis, ex quibus pedes 

fiunt.’ 
9 References like this are to the Corpus Inscriptionum Latinarum. 

10 Terentius Scaurus, De Orthog., VII., 18, 12 K. 
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a long i Accius wrote ez, a usage which had come in before his time 

and continued through the seventh and eighth centuries of the city. 

The origin and history of this device, which was not very common in 

Latin, are discussed with a full list of examples by Bersu in Bezzen- 

berger’s Beitrage, xxiii, 252 ff. . 

In the time of Sulla a tall I came into use as the designation of 

the long vowel, without at once displacing es; and at about the same 

time the apex was introduced to indicate the long quantity of the 

other vowels. These two devices continued in use until the latter 

part of the third century, the latest examples being found in v, 857, 

of the time of Diocletian, where we have seven apices in five words, 

three of which are over the diphthong @. A much later instance, 

Narsés in XIV., 4059, of the year 565 A.D., represents a different 

use of the apex, to be mentioned later (p. 79). 

The employment of these devices, their variation, and the results 

deduced from them are discussed at length by Bersu* and Christian- 

sen.’ One point, however, is fully treated neither by them nor, so 

far as I know, by anyone else: namely, the reason or reasons why 

some long vowels are marked and others are left unmarked. Almost 

the only contribution to this aspect of the phenomenon has been the 

very easy one of exploding the idea that the apex designated the word 

accent. In the light of the large number of apices on the final sylla- 

bles of words, one can only wonder that that opinion was ever held 

by anyone. I have never been able to convince myself that these 

marks were put on at random, but I have thought that the examina- 

tion of a large number of inscriptions would at least throw some light 

upon the question. This paper presents the beginning of such an 

investigation. In its entirety the problem is an enormous one, since 

it involves the consideration not only of all the indicated quantities, 

but also of many long vowels in inscriptions belonging to the period 

from 100 B.C. to 300 A.D. of which the quantities are not indicated. 

There is also the possibility, if not the probability, of a negative 

result; but there are certain to be by-products of some interest and 

value. 

11L. c. 

12 De Apicibus et I longis, Husum, 18809. 
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The Roman grammarians are not wholly silent as to this point. 

Quintilian says: ** “ Longis syllabis omnibus adponere apicem ineptis- 

simum est, quia plurimae natura ipsa verbi quod scribitur patent; sed 

interim necessarium, cum eadem littera alium atque alium intellectum 

prout correpta vel producta est facit: ut “malus” arborem significet 

an hominem non bonum apice distinguitur, “palus” aliud priore syl- 

laba longa, aliud sequenti significat, et cum eadem littera nominativo 

casu brevis, ablativo longa est, utrum sequamur plerumque hac nota 

monendi sumus.” In the time of Hadrian, Terentius Scaurus 

writes: ** “Apices ibi poni debent ubi isdem litteris alia atque alia 

res designatur, ut ‘venit’ et ‘ vénit,’ ‘aret’ et ‘dret,’ ‘legit’ et ‘légit,’ 

ceteraque his similia. Super i tamen litteram apex non ponitur; 

melius enim I in longius producitur. Ceterae vocales, quia eodem 

ordine positae diversa significant, apice distinguuntur, ne legens dubi- 

tatione impediatur.” 

These statements are clear and definite. The second one made 

by Scaurus is confirmed by the inscriptions; for although there are 

twenty-two instances of an apex over é in the twelfth volume of the 

C. I. L. alone, that use is relatively very rare. _An apex occasionally 

appears even over a tall I, as in XII., 890 and 3065 add. The other 

statement, in which Quintilian and Scaurus agree, points to a logical 

and helpful use of the apex, but unfortunately the statement is not 

confirmed by the inscriptions. The apex is used in many instances 

where it does not serve to distinguish words or case-endings of the 

same spelling except for the quantity of the vowels, and frequently 

such words or case-endings are left unmarked. This fact, however, 

does not prevent us from accepting Quintilian’s principle as one of 

those which regulate the use of the apex; for it will be seen that no 

principle of the kind is observed with uniformity. In fact, one is 

almost tempted to think at times that uniformity was deliberately 

avoided. 

Of many thousand inscriptions which I have examined I have 

found only two in which all the long vowels are marked. As both 

13 Inst. Orat., I., 7, 2-3. 

14 De Orthog., VII., 33, 5 ff. K. 

15 For brevity, the term ‘apex’ is used here and in numerous other in- 

stances to include the apex and the I longa. 
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these inscriptions are short, probably no great significance is to be 

attached to their consistency, but they are interesting as rare speci- 

mens. One is VI., 30805, Silvand Au. sacrum. C. Itlius Castrénsis 

ex vétd (incidentally it may be remarked that the marking of a long 

vowel before us is not very common). The other is XII., 2925, 

Iovil® O. M. Gallus Iulius Honoratus V.S.L. M. There are numer- 

ous other inscriptions in which the number of marks is relatively 

large, such as III., 9960; V., 6786, 7430; VI., 4226; XII., 3219; 

XIV., 2553, quoted on p. 91, and many others. In some, on the con- 

trary, only a few words are marked, generally, although not invari- 

ably, at the beginning: ¢e.g., VI., 30865, where the first and third lines, 

Pro saltite . . . Pontificis Maximi, are accompanied by eleven lines 

containing ten long vowels, no one of which is marked; in VI., 10363, 

inmunis is the only marked quantity in an inscription of eight lines. 

Even a cursory examination shows that the apex and the I longa 

are not used in exactly the same way. Except for a few inevitable 

errors, the apex is much more consistently confined to the designation 

of long vowels, while the I longa has various other uses.17 Further- 

more, the I longa is decidedly more frequent than the apex. In those 

volumes of the C. J. L. which are provided with indices the examples 

of words marked with an apex are collected, but very few of the 

editors have essayed the enormous task of assembling all the tall I’s. 

Some inscriptions have the I longa, but no instances of the apex, 

including the account of the Ludi Seculares of 17 B.C. (VI., 32323) ; 

VI., 9992, for example, has twelve tall I’s within a few lines, but not 

a single apex. In this connection it should be noted that there is 

another apex, frequently having the same form as the one which indi- 

cates a long vowel, which is used as a mark of punctuation, both 

between words and after abbreviations. This apex, which is attached 

to consonants and short vowels, as well as to long vowels, is com- 

monly placed beside the letter instead of over it, as in VI., 838, ex’ 
visu fecit’ Evia’ Helpis, where it serves to separate words, instead 

of the usual point. In VI., 31856, belonging to the early part of the 

reign of Marcus Aurelius, it serves to designate abbreviations: a 

rationib’ proc trib’. Sometimes it stands over the letter, as in m for 

16 An italicized i is used to designate the I longa. 

17 See Christiansen, 1. c. 
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missus, IV., 1182;-No. 6, and F for fecit, IX., 2082 B, a Christian 

inscription; cf. Augg. and lib., VI., 738, of the time of Septimius 

Severus; dec., XIV., 3023, and primig., XIV., 2851. This apex is 
much less common than the one which designates a long vowel and 

is not likely to be mistaken for it. It may have led to the use of the. 

long vowel apex as a mark of punctuation after abbreviations and at 

the end of sentences and clauses (see p. 86), when such a use is 

consistent with its employment as a designation of long quantity; as 

in féc. for fecerunt, VI., 4027, and elsewhere. Conversely, the long 

vowel apex may have influenced the form of the other apex, which 

perhaps came from the commoner mark of punctuation /. 

It would seem that the best results would be obtained by examin- 

ing some of the longer official inscriptions of the best period, and we 

may begin with the Monumentum Ancyranum, the great inscription 

in which the Emperor Augustus recorded the events of his reign.’ 

In examining this document we must, of course, bear in mind that it 

is a copy of the lost original in Rome. We shall probably be safe, 

however, in assuming that the stone-cutter followed his copy as care- 

fully in adding such marks as he did in other respects, and this as- 

sumption receives support from the fact that in the beginning and 

end of the inscription, which were not copied from the Roman origi- 

nal, errors are more frequent than in the body of the record, where 

they are very rare. 

The inscription proper contains approximately 1,884 words and 

1,399 long vowel-quantities. Of the latter 487, or about 34 per cent., 

are indicated by apices or by the tall I. The marks are for the most 

part limited to one on each word, but forty words have two marks 

and two have three marks each.2 The modern scholar, in spite of 

the silence of the native grammarians, might be led to inquire whether 

the so-called “hidden quantities” are designated by marks. We find 

18 Suet. Aug., 101, 4; Cassius Dio, 56, 33. 

19 The counting has been done with care, and while it would be rash to 

claim absolute accuracy, the percentage of error is certainly not large enough 

- to affect any of the conclusions. The writer has made complete word in- 

dices of the Monumentum Ancyranum (designated as M. A.) and the Speech 

of Claudius (S. C.), and full lists of all the examples of the different posi- 

tions and uses of the apex. Considerations of space prevent the printing of 

these lists, but they form a reasonable guarantee of accuracy. 
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that in the M. A. twenty-six such vowels are marked, but they amount 
to only about 20 per cent. of the 138 hidden quantities in the whole 

inscription. The only repetitions are lustrum and lustro, which occur 

three times each. A vowel before ms is marked four times, but is 

left unmarked sixty-nine times. These results in themselves are 

almost enough to show that “hidden quantities” are no more fre- 

quently marked than others. In fact, in nine words in which hidden 

quantities are not marked we find other long vowels marked; thus 

consuldtu occurs four times. 2 

Although, of course, the apex did not designate the accent, it 

naturally occurs frequently on accented syllables, since an accented 

penult often contains a long vowel, which is sometimes the only long 

vowel of the word. In the M. A. 214 accented syllables are marked, 

while there are 208 accented syllables containing long vowels which 

are not marked; the count is confined to words which have apices, 

and monosyllables are not included. 

Quintilian’s. rule is observed in seventy-eight cases, while in forty 

instances marks are omitted which would differentiate words or 

forms. These figures, however, are the.result of giving the rule the 

most liberal interpretation possible, including, for example, all cases 

of is and not merely those from words which also have forms in -is, 

and adverbs like antea as well as ablatives in -a. If we confine the 

count to forms which could actually be mistaken for others, we have 

thirty-nine marked vowels and twenty-three unmarked. 

Considering next the syllables on which the marks are found, 

there are two instances of marks on the sixth syllable from the end, 

which in each case is the first syllable of the word: frimentationes 

and provincialibus. The former is one of two words in the entire 

inscription which have three marks. The latter has only one mark, 

although it contains another long vowel. 

Eight words have marks on the fifth syllable from the end, includ- 

ing insaliare and énconsulatu, in which the preposition is treated as 

a part of the word. The mark on inconsulatu is one of the very few 

errors in the main body of the inscription. Only two words have 

additional marks, tiniversérum and mtmnicipiis; in one other only the 
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first syllable-of the word is preserved, so that it is impossible to say 

whether or not there was a mark on the only other long vowel. 

Fourteen words have marks on the fourth syllable from the end. 

In eight instances this is also the first syllable of the word, and in 

' eight instances all the surviving long vowels are marked. Four of 

the words have other marks as well, and there is one repetition, 

tiniversus and tiniver(si). It is perhaps significant that in several 

of the words, amicitia, Oceanus, tribtinicia, iniversus, for example, 

we have a single long vowel in the neighborhood of short sounds, 

where the quantity is especially important for correct pronunciation. 

On the last three syllables marks are much more frequent, which 

is not surprising when we consider the relative number of long and 

short words in the language.”® On the antepenult we have sixty-one 

marks. In thirty-four of these the antepenult is the first syllable of 

the word and in forty-eight it is the accented syllable. In five of the 

twelve instances in which the antepenult is not the accented syllable 

the accented penult is also marked, and in four others the accented 

penult contains a short vowel followed by two consonants, leaving 

only three words in which the accented syllable is not marked when 

it could be marked. There are several repetitions: ciriam twice; 

éstium twice;?! friimentum twice; aerarium twice. Eight hidden 

_ quantities are marked and only one is unmarked 

For the penult the figures greatly increase, there being 167 ex- 

amples of an indication of the length of that syllable. In every case 

but one the penult is the accented syllable. The solitary exception is 

civica, one of the few errors in the body of the inscription, a short $ 

being written with I longa. In fifty-four instances the penult is the 

first syllable of the word. 

The greatest number of marks, 204, is found on the final syllable. 

In twenty-nine words there is also a second mark, usually on the 

penult. Thirty-one monosyllables have not been included. 

It does not seem probable that any particular long vowel was more 

20 In the M. A. there are but four words of six syllables, twenty-four of 

five syllables, and ninety-four of four syllables. 

21 For brevity, mere differences in case, such as ostium, ostio, are not 

noted separately. 
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likely to be marked than another. The figures for the use of the 

apex in the M. A. are given by Christiansen** as follows: — 

a fo) € u i ae 

157 102 65 49 1 1 

If we subtract the total of these, 365, from the total number of 

marks, 487, we get 112 as the number of tall I’s, giving that letter 

second place. In IX., 3060, all the apices, four in number, are on 

the letter a, but no stress is to be laid upon this, and there seems to 

be no reason for marking one long vowel more frequently than an- 

other ; in VI., 6191, all the apices are on final o. 

In the M. A., and the same thing seems to be true of some other 

inscriptions, the marks show a decided tendency to flock together. 

Sometimes entire sections have few indications of quantity (e.g., I., 4, 

with the exception of the first two lines, I., 5; I., 13, the latter part 

of II., 8; IV., 22, and IV., 30) ; others, on the contrary, have many 

marks, such as III., 14; IV., 23, etc. It is very common for two 

successive words in agreement to have marks, whether the vowels are 

the same, as in auri coronar?, triumphds meds, ea pecunia; or differ- 

ent, as in reditu med, octingentds pedés, curulis triumphéos. In some 

instances three successive words are marked, as summa sacra via, or 

we find two successive words with two marks each, as curia Iulia, 

Divi Iuli. An example of striking inconsistency appears in V., 28, 

in the phrase “in Africa, Sicilia, Macedonia utraque Hispania. . . 

Asia, Syria, Gallia Narbonensi, Pisidia,’’ where it is difficult to see 

why three of the ablatives should be marked and the others not. © 

We may also note a tendency to mark series of words which are 

not in agreement, such as impensa grandi reféci and rivos aquarum 

compluribus locis vetustate labentés reféci (both in IV., 20). Since 

the endings -orum and -arum are often marked, the absence of a 

mark on aquarum is also noteworthy. In III., 16, we have a very 

long series: pecuniam (pro) agris, quds in consulati med quarto et 

posted consulibus M. C(rasso e)t Cn. Lentulo augure absignavi mili- 

tibus, solvi municipis. At first thought the eleven marks in two lines 

and a half seem no more remarkable than their omission in the words 

consulibus . . . augure, but as a matter of fact the latter phrase, 

although of some length, contains only two long vowels. Moreover, 

22L.c., p. 13. 
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as we have~seerl, a long vowel before ns is seldom marked in the 

M. A., and the same thing is true of final 0. The absence of a mark 

on militibus is perhaps more noteworthy. For some reason or other 

that word, in spite of frequent occurrences, is never marked, although 

militaria occurs. It is possibly not too fanciful, in the light of the 

honorary use of the apex mentioned below, to connect this omission 

with Augustus’s attitude towards the soldiers.2* In general, the 

marking of the long vowels seems to be to a certain extent a habit, 

which once begun is carried on for a time, dropped and resumed, a 

view which receives confirmation from the usage in other inscriptions. 

The apex seems to be used, as the I longa undoubtedly was, to 

add dignity or majesty, or to emphasize certain words with that end 

in view. Divi occurs twice in the M. A. and is frequent throughout 

the period from Augustus to Commodus. Itlius and Iulia occur 

seven times with one or two marks (the latter is possible only in the 

oblique cases), and the latter once without a mark. We find tribu- 

nicia and tribunicia of the emperor’s tribunician power beside tribu- 

(nic)iz and an indecisive (trib)unicie. Consulés is found only 

twice out of twenty-nine occurrences of the word, but we have consu- 

latum once, and consulatti four times, of the consulates of Augustus. 

It may be fanciful to connect three occurrences of Capitolium without 

marks with Augustus’s minimizing of the importance of Jupiter and 

the Capitol as compared with Apollo and the Palatine, but Capitdlié 

occurs in VI., 2027, B (perhaps of the year 37 A.D.) and 2080, 9 

(120 A.D.), and Capitolié in VI., 2042, 6 and 59, 2059, 41, all in- 
scriptions of the Arval Brethren. If we add the frequent occurrences 

of Dis Manibus, we may seem to be justified in the conclusion that 

this feature plays some part, although it did not extend, as did the 

use of the tall I, to short vowels. It is rather striking in this con- 

nection that in the inscriptions dedicated by lictors we find lictor in 

VI., 1871, 1881, 1892 and 1905; in the inscriptions of viatores, 

vidtéri, VI., 1921; cf. 1932, a. Other official titles which occur with 

23 Suet. Aug., 25, 1, neque post bella civilia aut in contione aut per edictum 

ullos militum commilitones appellabat, sed milites, ac ne a filiiis quidem aut 

privignis suis imperio preditis aliter appellari passus est, ambitiosius id ex- 

istimans quam aut ratio militaris aut temporum quies aut sua domusque suze 

maiéstas postularet. For the different attitude of Julius Cesar, see Suet, 

Jul., 65 ff. 
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marks are Augustales, accensus, curator, flamen, patronus, procurator, 

legatus (with two marks, V., 4359), rex (five times in the M. A., 

twice régés) ; in proconsul (III., 9960, and elsewhere) and pronepos 

(IX., 3176; III., 14147, 1) the mark may indicate the prefix (see 

below). Marks are not very common in the Pompeian inscriptions, 

but we find vénatid in IV., 3884, venatio in 1186, and venatid in I1g0, 

doubtless for emphasis; cf. véla, IV., 1190. The same general fea- 

ture appears in the designation of military and other prizes, as in 

corona aurea, V., 7003. 

The following words which occur more than once are always 

marked: curia three times, flumen twice, lustrum six times, manibiis 

or manibis four times, ostium twice, Penates twice, reciperavi twice, 

refeci three times, solvi twice with solutis, frumentum twice with 

frumentationes. The following, on the other hand, show a variation 

in usage: aux? and auxi, accepérunt and acceperunt, cives three times 

but cives once, denarids twice but denarium, and others. 

In a number of instances the mark coincides with a word division 

in compounds as in undéviginti, quinquaginta, rés publica, rei pub- 

licae ; or indicates a suffix, as in aerarium, anniversarium, etc. There 

seems to be no other good reason for the frequent marking of nédmen 

_ (three times in the M. A., II., 5513; V., 7430; VI., 2042, a, 26; 2059, 
38), testamentum (III., 10867; V., 969; XII., 1375, 3593); cf. 

ornamentis, XII., 3203, and ornamentis, XII., 3219. Prefixes are 

perhaps indicated in the same way, as in reféci, deduxi and in aéde, 

the only example of an apex over ae in the M. A., although that usage 

becomes common later. In the marking of case-endings, which is 

frequent, we should expect Quintilian’s rule to be followed, but the 

expectation is not fulfilled. We find the endings -arum and -orum 

marked, -es in the nominative and accusative plural, -is in the dative- 

ablative, and -os in the accusative, plural, no one of which is likely 

to be mistaken for another form, as well as the ablative in a, the accu- 

sative plural in -is, and the forms in -is of the u-declension, where 

the marks differentiate the cases from the nominative, the genitive 

singular, and the forms in -tis. In the M. A. -o of the dative-ablative | 

singular is rarely, if ever, marked, but elsewhere it is frequently 

given an apex; seventy-four times in C. J. L., XII. The forms of 

the a-declension in -ae are not marked in the M. A., but have the apex 
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forty-seven times in C. J. L., XIV., twenty-eight times in XII. and 
eighteen times in V. 

There is a decided tendency, for which there seems to be no 
obvious reason, to mark the penultimate or ultima, or both, in perfect 
tenses: vici, féci, cépi; auxi, fui, iuvi, feci; égi, reféci, misi. To 
this may be added over twenty examples of fécit, fécerunt, fécerit, 
etc. (seven of fécit in the index to C. J. L., XIV.), nuncupavit, VI., 
2042 d, 25; cooptavérunt, VI., 2078, 39; vénerit, VI., 1932 a; de- 
crévit, VI., 894, and many others. 

The use of an apex to indicate punctuation has already been 
spoken of.** There are in the M. A. a good many instances of a 
mark on a final long vowel preceding a comma, a period, or a section 
mark in the original; in some of the places with section marks no 
punctuation would be used in English. Noteworthy in this connec- 

tion is the phrase in quo triginta réstratae ndves trirémes a(ut 

birem)és, § (IV., 23), where the change from a penultimate accent 

to one on the last syllable of biremes, whether accompanied by another 

mark on the penult or not, is most easily explained as indicating a 

comma. Also noteworthy is the sentence rivos ... reféci (IV., 

20), quoted on p. 83, which is followed by a comma and a section 

mark. 

We may now consider the speech of the emperor Claudius at 

Lugdunum, of the year 48 A.D. (XIII., 1668). The total number 

of long vowels is 498, of which 130 have indications of quantity, a 

percentage somewhat smaller than in the M. A. There are but six 

words with two marks and none with three. Of forty-five “hidden 

quantities ” eleven are marked, a relatively larger number than in the 

M. A., but hardly enough to indicate a decided tendency. There are 

forty-nine instances of I longa, and the apices are distributed as fol- 

lows: a, 32; 0, 20; e, 13; u, 12. This does not differ greatly from 

the usage of the M. A., except that the I longa is relatively more 

frequent. There seem to be no short vowels which are marked with 

the apex or the tall I, and Quintilian’s rule is observed with greater 

frequency than in the earlier inscription. 

The same tendency to mark vowels in successive words is to be 

observed in the S. C. as in the M. A. Combinations of two words 

24 P. 8o. 
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are especially common, although the marking of the same case-endings 

in successive words is rare. We find hac civitate, statusque rés 

p(ublica), Sabinis veniéns. Combinations of three words are less 

frequent: Anco Marcio, Priscus; hdc ipso consulari; sectram atergo 

pacem. We have one group of four words: superbi morés invisi 

civitati, but longer ones do not seem to occur. There are fewer indi- 

cations of a use of the marks for dignity or emphasis than in the 

M. A. Here perhaps belong civitas, which occurs four times, and 

civili, Divus twice, rés publica four times. We have a single long 

vowel marked in the neighborhood of short vowels, where the proper 

observance of the quantity is especially important, in Oceanus (also 

marked in the M. A.), Utilitate, ornatissima. The most frequent use 

of the marks seems to be in the indication of case-endings, prefixes 

and suffixes: coloniarum, bondrum, atergo, rés publica, approbare, 

tenuére, tradere, translatum, diligo, diducta, exactus, invisi. It must 

be remembered, however, that in several of these words the vowel 

which is marked is the only long vowel; also, in all these categories, 

that there may be other reasons for the marking of a vowel than those 

which determine the category. The marking of tenuére seems to be 

in accordance with Quintilian’s rule, but in approbdre it is unneces- 

sary. 

A few words are marked in all their occurrences: civitas, Divus, 

casus (twice with two marks), fines; perhaps less stress is to be laid 

upon dicere and dixi, translatum and translata, venisti and veniens. 

The use of the marks to indicate punctuation is much less frequent 

than in the M. A. 
It may be convenient to arrange the distribution of the marks in 

the two inscriptions in tabular form: 

Words one pegs Quintil- 

3 with Syllables Marked g | suanti- yi- | Jan 
a. 2 g Counting from the 3 ties lables. | Rule. 
So iss End of the Word. S 

88 |eAloy |e ledl dled Bled o> |g. /o8/Se 2 | MM |Se| w lSul eb ISE 
J& |e°lesles S| 3 \25| & Zg| 8 lag 

= PAaralr{2}/3lals|/ol|#/4| a4] sels 

VERERO ese) ase eo 1,399|487| 40 | 2 |204|167|61|14/| 8 | 2 | 31 | 26 |112|214/208] 78 | 40 
oN, Bea 498/130) 6] 0 | 50} 42/15| 6] I | O | 14] 11] 34) 52] 55/19] 4 
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____We _may-now pass to a general examination of the inscriptions, 

which shows that the usage was most common in Rome and Italy, in 

Cisalpine Gaul and Gallia Narbonensis, and in Spain. It was more 

frequent in central than in southern Italy. The inscriptions of Africa 

show very few examples, those of Britain none. The use of such 

marks is most frequent and accurate in official inscriptions and those 

of the educated. With the common people, so far as they use the 

marks at all, the usage seems to be imitative and sporadic. This 

view is apparently confirmed by the use of marks in certain formulas, 

such as “libertis libertabusque posterisque eorum,” where it is com- 

mon to find some or (rarely) all of the six long quantities indicated, 

especially by the I longa.” 

In conclusion, a few additions to, or confirmations of, usages 

found in the M. A. and S. C. may be given. As has already been 

noted in connection with case-endings, an apex on the diphthong @ 

(usually on the first vowel, less commonly on the second) is of fre- 

quent occurrence. This also appears in syllables which are not case- 

' endings. Christiansen®* gives thirty-two instances, of which twenty- 

four occur in the Acta Fratrum Arvalium, and very many examples 

may be added to his list. His remark, p. 17, that an apex is rare 

over @ and au is misleading; for the occurrence of an apex over any 

diphthong other than ¢ is exceedingly rare, while over @ it is fairly 

common. His suggestion that the purpose of the mark was to dis- 

tinguish @ representing @ from the same diphthong representing @ 

seems doubtful; for although we find @ques for eques in VI., 3409, 

of 197 A.D., the general use of @ for short e was certainly not early 

enough to account for the apex over @. 

The greatest number of indicated quantities in any one word of 

the M. A. and the S. C. is three, and the two inscriptions together 

contain only two such words. In VI., 11466, we find infélicissimi 

with four marks, including the somewhat rare designation of a long 

vowel before nf. Three marks occur several times, e.g.: Lusitana 

twice, II., 5390; dédicatidne, III., 10767; quaéstorid, III., 11654; 

Fortinatd, V., 1066; Narbénésés, XII., 4393; vénalicidrio, V., 3349; 

25 VI., 9992, 10170, 10401, 10673, 11537; cf. 1805, 1917, 1921. 

<O1). ¢; 9. 13. 
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donato, VI., 1377, 8; procédéns, VI., 1527; pacatd, VI., 1527; viatéri, 

VI., 1921, 1935 a; félici, VI., 12133; hondratd, XII., 3219; Hono- 

rato, XII., 3637; togatdrum, XIV., 409, 14; fatalés, XIV., 2553; 

adorattros, XIV., 3608, 17; oratidne, XIV., 3608, 31. 

There is a decided tendency to mark quantities in personal names, 

perhaps as an indication of honor (see p. 84), or in some cases to 

insure their correct pronunciation: many men object to having their 

names misspelled or mispronounced. The latter would seem to be the 

reason for Caninio, M. A., III., 16, in a list of ten consuls, of which 

no other name has (or apparently needs) an indication of quantity: 

Caninius occurs in X., 3036, Caninid twice in XIV., 2556, and in VL., 

14343 Caninio is the only word marked in an inscription of five 

lines. Names which are frequently marked are Iulius and Iulia (see 

p. 84), of which I have thirty-one examples, by no means a complete 

collection; Marcus and its derivatives, V., 555, 7678, XIV., 2802, 

etc.; Cornelius, III., 8786, 11690, V., 757 add., 909 add., 1179, twice, 

six times in C. J. L., XII., etc.; Mars and its derivatives, Antonius 

and derivatives, Wis. II15 twice, seven examples in III.; Pollio, V., 
5906, VI., 1829; four times in XII. 

Nouns indicating relationship are frequently marked, perhaps as 

a token of honor or respect: for example, uxori, II., 2642, III., 8786 

twice, VI., 1859, 1975, and fourteen other examples; filius, VI., 880, 

1825 and elsewhere, four times in the M. A., but unmarked eight 

times; frater, XIV., 2637, 3608, 19 and frequently; mater, V., 1179, 

6013, 6091, 7678 and frequently. In the last-named inscription 

fratri, matri, uxori and sorori are all marked, although a second 

occurrence of sorori is unmarked. In V., 1179, matri is one of only 

two words marked in an inscription of six lines, the other mark being 

over @. It is doubtless to this tendency that the erroneous marking 

of coniugi is due in V., 1066, and VI., 9914. 

The preposition a is often marked: six times in the M. A. (twice 

unmarked) and four times in the S. C. (once unmarked) ; also IL., 

3426, III., 12046, VI., 4312, 9970, XIV., 254, 409, 14; 3543, and in 

numerous other instances. It seems probable that the mark serves 

merely to separate the preposition from a following noun, whether 

the two are written as one word or separately, and we also find e, de 

and pro marked. The marking of monosyllabic words, however, is 
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rather frequent (thirty-one examples in the M. A. and fourteen in the 
es 

In metrical inscriptions the a marks frequently coincide with 
the ictus (or whatever term we may prefer to use), but here, too, 

there is no uniformity. All the apices seldom coincide with the 

ictus," nor is every ictus marked in any inscription. A typical in- 
stance of irregularity occurs in IX., 60, where we have eleven hexa- 

‘meter lines, of which two have no marks, five have one mark, one 

has two marks, one three, and two four. The lines with four marks, 

which are not consecutive lines, read as follows: 

Hic meas déposui ctiras omnésque labores. 

Fortuna infracta ter me fessum recreasti. 

In the former line three of the four apices coincide with the ictus. 

The one over curas does not, but the proper length of the u is impor- 

tant, perhaps especially important, for the rhythm of the verse. We 

find a corresponding syllable marked elsewhere; for example, in the 

following lines: 

Viva viro placui prima et carissimum coniunx. VI., 6593. 

Quoés pius saepe colit frater coniunxque puellae. VI., 28877. 

Since in the last example the word in question is frater, there is room 

for doubt, as often happens, as to the reason for the mark. The dis- 

_regard of s for making position in the first and fourth of the above 

lines and the grammatical error in the third point to a vulgar origin. 

It is noteworthy that in the second line two of the marks, being over 

hidden quantities, are superfluous so far as the meter is concerned, 

although they are important for the correct pronunciation. 

In the inscription IX., 60, twelve apices, in eleven lines, coincide 

with the ictus, while seven do not. With this inscription we may 

contrast VI., 9797, of nineteen lines, in which the apices and tall I’s 

are very numerous, although in no line do the marks coincide through- 

out with the ictus. In another inscription, XIV., 2553, consisting of 

two elegiac couplets, nearly all the long quantities are marked, but 

three long vowels on which an ictus falls are not marked. The in- 

27 There is one example in a pentameter (VI., 6593), post obitus satis hac 

fémina laude nitet. 

PROC, AMER, PHIL, SOC., VOL, LXI., G, AUG. 30, Iy22. 
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scription reads as follows: 

Olla I Secundde 

Fatalés moneo né quis mé lugeat orbi 

Namque Secunda fui nunc tegor é cinere. 

Hic ego sectiris iaceo super omnibus tna 

Natalis quia nds septimus ussit amor. 

Natalis monumenti III Idts Maids. 

It may seem that the inferences which have been drawn are based 

upon a small number of examples. That is quite true, but it must 

be remembered that the total number of marked words is compara- 

tively small, and that among these the repetitions are far from nu- 

merous. In the index to C. I. L., XIV., for example, there are 211 

words with apices; among these there are but 33 repetitions and only 

fifteen instances in which words are repeated three times or more. 

The occurrence, therefore, of Manibus eight times, of fécit seven 

times, and of Itlius, Iulia five times may fairly be regarded as signifi- 

cant, especially when the number of examples of these forms is in- 

creased from other. volumes. The study has suggested to the writer 

a number of lines of investigation, which he hopes to follow out at 

some future time. 
UNIVERSITY OF PENNSYLVANIA, 

PHILADELPHIA, Pa. 
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SOME PECULIARITIES OF THE NOVZ. 

By E. E. BARNARD. 

(Read April 21, 1922.) 

There are no more interesting objects in the sky than the nove. 

The suddenness with which they rise from a faint or obscure condi- 

tion or even from absolute invisibility, sometimes to outrank all the 

other stars in the heavens, in some cases increasing their light as 

much as a hundred thousand fold, is very wonderful. This great 

rise in brightness requires only a few hours or a few days at most. 

Their rapid physical changes, the various colors through which they 

pass in their declining light, their later change to apparently a nebu 

lous state, and their final return to what seems to be their original 

condition which they attain in a few years’ time, make them of the 

' greatest interest from every point of view. 

The nove remain at their greatest brightness for a very brief 

period, which in some cases can be counted in hours. They then 

begin to fade, at first rather rapidly, then slowly. With many halts 

and minor outbursts they finally, in a few years’ time, say from eight 

to ten or fifteen years, return to their original brightness. This 

interval of decline seems to vary in different nove. Though they 

thus follow the same process of rapid change in brightness and physi- 

cal condition, there are decided differences and peculiarities among 

them that might suggest great dissimilarity in their pre-nova state. 

One fact that is peculiar to them, though not necessarily definite 

in its character, is that with perhaps one exception (that of Nova 

Coronz of 1866) all of the nove are found in the Milky Way. Of 
course, there are vastly more stars in the Milky Way than outside of 

it and therefore a greater chance for a nova to appear in it. There 

are other evidences, however, that they really belong there. 

What was the original condition of a nova? Little is known of 

the early history of these bodies—before their outburst of light. We 

PROC. AMER, PHIL, SOC , VOL, LXI., H, AUG, 31, 1922. 
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know something of the visual history of Nova Corone Borealis of 

1866, for it was observed at Bonn, previous to its outburst, as BD + 

26° 2765 of the 9.5 magnitude. Though this star appeared some dis- 

tance from the Milky Way (in which the nove apparently belong), 

there is no other reason to question its character as a nova. 

There is now some evidence that possibly the nove were all vari- 

able stars in the earlier stages of their history, but the proof is not 

conclusive. Photography has shown that at least two of these stars 

were small variables before they became nove. Nova Persei is the 

best example. Thanks to the splendid collection of stellar photo- 

graphs of the Harvard College Observatory extending over more 

than a third of a century, we know that previous to its sudden appear- 

ance in 1901, when it became brighter than the first magnitude, Nova 

Persei was a small variable star of about 14th magnitude. After its 

outburst in 1901 it slowly faded to its original brightness and again 

became a small variable star—varying perhaps just as it did before 

the blaze-up. Apparently the great outburst was only an interruption 

in its regular variability, which is now past and forgotten. 

The other, Nova Aquilze of 1918, which became brighter than 

any star in the sky with the exception of Sirius and perhaps Canopus, 

previous to June 8 was also a small variable star of 10.5 magnitude. 

It has not yet sunk to its original faintness, certainly not from a 

photographic standpoint, though it has nearly done so. It is only by 

comparing the present photographs of it with the early ones that we 

can tell when this event occurs. It will probably resume its vari- 

ability later on. Of course, these statements of variability have noth- 

ing to do with the peculiar fluctuations of the light of a nova in its 

immediate decline from its maximum. 

As we have said, it would appear that the outburst in these two 

stars was only an interruption in their variability. Professor Turner 

has made an attempt to connect up the present variability of Nova 

Persei with that before the great change occurred, but he has not yet 

obtained a satisfactory result. 

Perhaps the phenomena of Nova Aquilz were of even greater 

interest than those of Nova Persei. This was probably due to the 
extremely great brilliancy of the star at its maximum. Its entire 
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declining phase was brighter than that of any other modern nova, 

for it was originally a brighter star than any of them with the excep- 

tion of Nova Coronz of 1866, whose range of brightness was not 

nearly so great. Before the outburst Nova Aquilz was a compara- 

tively bright star of 10.5 magnitude. Nearly all of the other nove 

have started either from a very faint condition or from one of entire 

invisibility. It is easy to show that if some of the other nove had 

been as bright as Nova Aquile in the beginning they would have 

much outranked it when at their maximum brightness. This was 

specially so in the case of Nova Persei, which would have been a 

brighter star than Nova Aquilz, because its entire increase of bright- 

ness was much the greater of the two. This has given some hope 

that the great nova of 1572 (Tycho’s star), which was by far the 

brightest nova on record,.may have been a considerable star when the 

outburst occurred, and that it may now be visible as such. But we 

have no means of identifying it. The uncertainty of Tycho’s position 

of it and the rich region of the Milky Way in which it exists makes 

it quite impossible to identify it among the many stars in its imme- 

diate region. Should, however, a small variable star be found suffi- 

ciently near to its assumed place, it would add much to the supposition 

that the great nova had been found. It would be interesting to re- 

cover this star now, for it might be bright enough for spectroscopic 

study. The great lapse of time since it appeared in 1572 me ce give 

results of much value in the history of these stars. 

There seems to be good claim that P Cygni of 1600 was a real 

nova. It is therefore the oldest nova that we can certainly identify. 

If we follow the information we already have of the nove, it would 

seem that this star, if a true nova, was probably visible to the naked 

eye previous to its outburst. 

The next oldest, and one where there is no doubt of identity, is 

Hind’s Nova Ophiuchi of 1848. Though this star was not bright 

enough to attract very wide attention, a few astronomers observed it 

carefully. Bond, at the Harvard College Observatory, measured its 

position with respect to a small star near it. From this it is identified 

with certainty. While bright enough, it was also observed at Bonn 

and is BD—12° 4633. Recent observations show that the star is 

probably variable. 
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Nova Cygni of 1876, which was discovered by Schmidt at Athens, 
attained the second magnitude arid was therefore a very bright object 

_to the naked eye. It has long since returned to what was probably — 

its original condition—that of a very faint star of perhaps 15th mag- 

nitude. For many years at least it has been irregularly variable with . 

a light range of over one magnitude. 

The old nove that are now variable do not seem to have any 

‘definite periods. They are very irregular in their fluctuations and 
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in the extent of their light changes. These light changes do not 

resemble those of the ordinary variable star, for their variability 

seems to be of a spasmodic nature with no distinct period. It is 

therefore very important to know if their original variability was of 

this same erratic nature, so that we can tell if they have entirely 

resumed their original condition. Photography will play a highly 

important part in answering this question for some of the future 

nove. At present, for Nova Persei and Nova Aquile, there is not 

enough. material to tell us what their pre-nova state really was, fur- 



BARNARD—SOME PECULIARITIES OF THE NOV. 103 

ther than that they were variable. The erratic variation of the light 

_ of Nova Persei, for two consecutive seasons, is shown in the accom- 
panying diagrams. It will be seen that the extreme variation of the 

star is about two magnitudes. The two lower sets of figures (J. D.) 

are the Julian Day; those on the side are magnitude. These are on 

Seares’s scale. 
It must be borne in mind, however, that not all the nove become 

variable stars on regaining their normal condition. Nova Lacertz 

of 1910 (Espin), up to the most recent observations after its return 

to its original brightness, is perfectly steady in its light, or if there 

is any fluctuation it is too small to be detected by ordinary means. 
One of the first of the nove to be carefully studied with the 

spectroscope was Nova Aurige of 1891. This star was discovered 

visually by Anderson in January of 1892. It was later found that 

the Harvard College Observatory photographs showed it as early as 

December 10, 1891.* Though it never became very bright, it gave 

more information of the physical condition of these bodies than any 

previous nova, mainly from the fact that the spectroscope, then but 

fairly starting on its wonderful career, aided by photography, was 

applied to the study of its light. We know nothing of the history of 

this star before its appearance in 1891.* It has probably long ago 

returned to its original brightness. There are some suggestions in 

recent observations of it that it is now also variable. 

In its early stage, when in the decline from its maximum, this star 

showed: one remarkable feature that has not been repeated in any 

other nova. In April of 1892 Mr. Burnham followed it with the 

36-inch telescope of the Lick Observatory until it got too near the © 

sun for observation. When he last observed it, on April 26, it had 

faded to 16th magnitude. Having passed the sun, it was found by 

Campbell in August of the same year to have risen to 914 magnitude, 

and was a conspicuous telescopic object. It had apparently increased 

its brightness by six or seven magnitudes. In again fading it does 

not seem to have reached the low magnitude at which Mr. Burnham 

had seen it in the last of April, 1892. It is now about 14th or 15th 

_*A photograph taken by Dr. Max Wolf at Heidelberg, Germany, on De- 

cember 8, 1891, shows nothing in the place of Nova Aurige as bright as the 

eighth magnitude. The star, therefore, must have made its appearance be- 

tween December 8 and December 10, 1891. , 
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magnitude. As I have stated, no other nova is known to have shown 

this second bright maximum. 

Some of the nove present very beautiful phenomena, especially 

in the wonderful colors they sometimes exhibit in their declining 

phases. At first these stars seem to be white; very soon they become 

red and pass through various colors, finally ending in a more or less 

colorless condition, their faintness preventing any appearance of color 

in them, if it existed. Their most beautiful colors, however, are 

seen in the telescope, usually after they have ceased to be visible to 

the naked eye—if they have been so bright as that. I would speak 

specially of two of these stars of recent years which have shown the 

most beautiful colors. 

In March of 1919 Nova Aquilz, in the telescope, was the most 

exquisite and intense blue, a color that no other star in the heavens 

could match. In September, 1920, Denning’s Nova Cygni was a 

most remarkable object in a large telescope. At the ordinary focus 

was a white or nearly white stellar image surrounded by a brilliant 

system of crimson rays. At 9 mm. outside the focus the image was 

very small and beautifully scarlet. It was surrounded by splendid 

blue and golden rays. In one position of focus there was no central 

image, but a system of rays radiating from the center. For the first 

half of their length these rays were golden, while their outer half was 

crimson. The crimson color was due to the a Hydrogen line which 

was then specially strong in the spectrum of the star and gave a 

beautiful scarlet stellar image 9 mm. outside the normal focus. 

The two great nove of recent years, Nova Persei and Nova 

Aquike, have shown in their declining phase a remarkable phenom- 

enon—that of a measurable planetary disc instead of the stellar point 

which all stars exhibit. In the case of Nova Aquilz this measurable 

disc lasted for at least two months and seemed to be gradually in- 

creasing in size. On October 5, 1918, its measured diameter was 

o0”.8, while on December 14 it was 1”.8. The disc was sharply 

defined and its light was dull and planetary. Later the star resumed 

the regular stellar image. Aitken, in August and September of 1919, 

found, with the 36-inch telescope of the Lick Observatory, that with 

the telescope set for the focus of the nebulium lines N, and N,, 8 mm, 

outside the normal focus, there was a definite disc 2”.4 in diameter. 
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This was verified spectroscopically by Moore and was increasing in 
ac. 

In a previous paper (Monthly Notices of the Royal Astronomical 
Society, Vol. 72, p. 673, June, 1912) I have criticized some of the 
theories concerning the nove; the encounter with a nebula, the col- 
lision theory, etc. In this connection was also criticized the theory 
that the apparent recession of nebulous matter from Nova Persei was 
due to the successive illumination of the details of a nebula in which 
the star was placed, by the outgoing light from the nova. This did 
not seem satisfactory because it was shown that certain details, such 

as the “arrow head” in the photographs by Ritchey and Perrine, 

were in actual motion away from the star and could not be due to 

light reflection from the nebula. This light reflection theory still 

seems to hold with some astronomers. There is much question, how- 

ever, as to its correctness. Recent photographs of Nova Persei have 

been made by Lampland at the Lowell Observatory, not of the orig- 

inal nebulosities, for they are gone, but of the new nebulosity of 1916, 

December 16, which, as shown by the photographs by Professor 

Lampland, is moving out very slowly from the star. This slow mo- 

tion, if its slowness is not due to motion nearly in the line of sight, 

seems to have no relation to the rapid movement of the masses in the 

earlier photographs of 1901, and it certainly can not be identified with 

any of the details of those pictures. Nor can the present nebulous 

disc about the star as photographed at Mount Wilson—so. like a 

planetary nebula—be traced on the earlier photographs. 

The most satisfactory theory to account for the nove, especially 

with respect to Nova Persei, is that the forces of equilibrium of the 

interior of the star were disturbed, and that there was an outburst in 

the nature of an explosion, which, though it produced the great bril- 

liancy in 1901, apparently neither destroyed the star nor very seri- 

ously affected its variability. 

SUM MARY. 

The nove usually appear suddenly in the sky. Their advent is 

entirely unheralded and it is only in recent years, through photog- 

raphy, that anything has been known of their former existence. The 

reason for their sudden appearance is unknown. It is probable that 
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for some cause the forces of equilibrium in the star become unstable 

and there occurs a great outburst of light in the nature of an ex- 

plosion. This does not actually destroy the star, for later on, in the 

course of a few years, it returns to its original brightness and prob- 

- ably to its former physical condition. This is shown by the fact that 

Nova Persei of 1901 was originally a small variable star. Having 

now returned to its original brightness, it is again variable. 

Sometimes in their decline from maximum these stars present a 

well-defined, measurable, planetary disc and finally become perfectly 

stellar again. Always, at one period of their decline, they present a 

beautiful, sharply defined, crimson image 9 mm. outside the normal 

focus in such a telescope as the 40-inch refractor of the Yerkes 

Observatory. This is due to the presence of the a Hydrogen line, 

which is then strong in their spectra. This always occurs several 

weeks after their first appearance. 

When they first appear they are very white. They soon turn red 

and in the end become white or colorless again. In their decline they 

pass through many very beautiful colors, such as an intense blue and 

gold and crimson—colors that no ordinary star shows in such ex- 

quisite purity. This is all due to the nature of their _ through 

their changing physical condition. 

YERKES OBSERVATORY, 

WitiiAMs Bay, WIsconsIN, 

April 15, 1922. 



‘THE RELATIONS OF THE RETINAL IMAGE TO ANIMAL 

REACTIONS. 

By G. H. PARKER. 

(Read April 21, 1922.) 

During the past generation the interpretation of animal activities 

has undergone a profound change. To the earlier naturalists even 

the simplest animals were supposed to be endowed with sensations, 

preferences, desires, volitions, and the like, which, though simplified 
in form, were nevertheless the same as those in ourselves. But this 

so-called anthropomorphic viewpoint was soon found to present many 

difficulties, some of which turned upon new discoveries concerning 

man himself. It was becoming apparent gradually that human be- 

ings, in addition to their ordinary mental life, possess a multitude of 

_ nervous activities, some of which are subconscious and many of which . 

have no direct relation whatever with consciousness. The more these 

matters were looked into the more evident it became that our con- 

scious activities were limited to a special part of our nervous organi- 

zation, to the brain and perhaps even to the cerebral cortex, and that 

much of our nervous system had to do with operations quite free 

from conscious complications. Thus the heart, the blood vessels, the 
digestive tube, and other like parts, all of which possess their own 

nervous equipment, exhibit a range of operations of a highly complex 

and responsive kind that may be entirely dissociated from our con- 

scious states. As these operations are directed toward the successful 

continuance of life of the individual in which they occur, we are 

forced to ask the question, May they not afford an example of the 

kind of nervous life led by many lower animals whose whole nervous 

equipment may then be as devoid of the so-called higher nervous 

states as our heart or our intestines are? An animal thus organized 

would be merely a delicately adjusted creature without desire, mem- 

ory, or volition, but responding to changes in its surroundings with 

as much certainty and precision as our. heart or digestive tube does to 
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its environment. To this question much of the evidence of recent 

years seems to be shaping an affirmative answer. 

One of the newer lines of evidence touching on this point has to 

do with sense organs. These organs are usually regarded as bodily 

parts concerned with providing us with the elements of information 

as to the world about us. They are thus intimately associated with 

our central nervous activities. But they are known to occur in many 

lowly organized animals, such as the jellyfishes and the like, in which 

there are no central nervous organs appropriate for such information. 

In these animals the nervous impulses from the so-called sense organs 

pass directly to the muscles without first making their way through a 

central nervous organ. They serve merely as a means of exciting 

muscular activity and are concerned in no way at all, so far as one 

can judge, with sensations. Their action is comparable to that of 

our eye, which, when brightly illuminated, so responds that the muscu- 

lar sphincter in the iris contracts, thus reducing the size of the pupil. 

With us sense organs have two functions. They deliver impulses 

that excite muscles ‘to action, as in the instance just given, and they 

deliver impulses that serve our central organs in an informing way. 

Of these two functions only the first is possessed by many of the 

lower animals. Hence it is without doubt the more primitive, for 

the second function could not have arisen before the development of 

a central nervous organ, a part which, as already intimated, is absent 

from many simple animals. 

To the older naturalists the presence of a sense organ was suffi- 

cient grounds for assuming that the animal experienced sensations 

characteristic of that organ. Thus the recognition of eye spots in 

jellyfishes was supposed to justify the opinion that these animals 

could see. But from the standpoint of the more recent work the 

presence of such an organ merely means that the animal is especially 

responsive to light, not that it has the sensations of sight, for the 

nervous strands from the eye spot in the jellyfish lead directly to the 

muscles and not to a central nervous organ. Hence the so-called 

sense organs of the lower animals, since they are in no necessary way 

concerned with sensations, are more correctly designated as receptors 

in consequence of their relation to the stimulus. 
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Since the so-called sense organs of many of the simpler animals are 
merely devices for exciting muscle to action, and since many of these 
animals possess no true central nervous organs, the responses of these 
admitted, and yet it is also equally clear that these higher animals 
have been derived from stocks that were purely tropic in their day. 
How have the tropisms disappeared from these lines of descent and 
what are the forms of response that represent the transition between 
tropisms and the diversified movements of the more complex animals? 

Some insight into the answer to this question can be gained by a 

comparison of phototropism and vision as elucidated through the 

retinal image. 

Tt is now well recognized that many of the simpler animals, uni- 

cellular as well as multicellular, are extremely responsive to light. 

The amceba creeps away from a source of illumination, hydra creeps 

toward it, sea-anemones are for the most part photonegative, earth- 

worms are positive to weak light and negative to strong light, and so 

forth. In all these simpler animals the surface of the given form is 

apparently open to stimulation by light in the same sense that our 

“whole skin may be stimulated mechanically for touch, When light 

falls on an amceba, the formation of pseudopodia ceases on the illumi- 

nated side and continues on the side in shadow; hence the animal 

creatures are of a relatively restricted and circumscribed kind and 

lack the variety and spontaneity of the reactions of the more complex 

forms. Such restricted responses are represented by forced move- 

ments, or more particularly by tropisms, reaction types characteristic 

in general of the simpler animals and consisting of rather direct 

responses of the organism as a whole by moving either toward an 

obvious source of stimulation or away from it. Such responses, as 

Loeb has abundantly shown, are the usual types of movements for 

plants and the lower animals, and, though there is much difference of 

opinion as to the way in which a tropism is accomplished, there can 

be no doubt as to its predominance among the reaction forms of the 

simpler animals. 

If, then, tropisms are the common types of response for the 

simpler animals in which receptors are directly connected with mus- 

cles, or at most connect with them through a very primitive kind of 
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central organ, it follows that this type of reaction must underlie that 

of the more differentiated animals and must have been gradually 

replaced by the kind of operation that we regard in ourselves as 

spontaneous and volitional. That there is almost nothing in the re- 

sponses of the higher animals that recalls a tropism is generally 

moves away from the light. When sea-anemones are illuminated on 

one side, the pedal waves begin on that side and spread across the 

foot to the opposite margin thus carrying the animal, without any 

previous adjustment to the light, away from the source of illumina- 

tion. When an earthworm is exposed to bright light it gradually 

turns its anterior end away from the light and, thus directed, creeps 

over a negative course. In all these tropic responses the animal falls 

quickly into line through the influence of the stimulus on the general 

receptive surface of its body and, without the.necessary recourse to 

specialized organs such as eyes, it takes a direction in relation to the 

source of disturbance. There is not the least reason to suppose, 

except possibly in the case of the earthworm, that these activities are 

indicative of any sensational or other central-nervous element what- 

ever. They are comparable with the movements of our internal 

organs, such as the heart and the intestine, and from this view- — 

point they stand at an equally low and primitive level. They are in 

every sense forced movements of the tropic variety. 

Probably much the same condition obtains in those animals that 

are provided with the so-called eye spots. These are small photo- 

receptors found on various places in different animals. They occur 

on the edge of the bells of jellyfishes, at the ends of the arms of 

starfishes and around the aboral pole of sea-urchins, on the heads of 

many worms, of arthropod larve, and perhaps of some snails. In 

typical conditions they consist of a group of receptive cells sunk in 

an open cup of pigment, so that the receptors are accessible to light 

only from a generally restricted region, the light from the rest of the 

field being received by the outer walls of the pigment cup. Such eye 

spots are unprovided with devices for forming images, either pupils 

or lenses. Occasionally lenses are present, but when such is the case, 

the lens is concerned with the concentration of light and not with the 

formation of an image. Such organs have been appropriately called 
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euthyscopic or direction eyes for the reason that they have to do with 

light-only so far as the direction of its source is concerned and not 

with the possible formation of images. Animals that possess this 

type of photoreceptor to the exclusion of other types exhibit perhaps 

the most striking of all instances of phototropism. The larval stages 

of many insects are excellent examples of this kind. The maggots 

of blowflies creep with great precision away from a source of light 

or take a balanced course between two lights of different intensities 

or at varying angles of incidence. When one photoreceptor is cov- 

ered, circus movements result. In short, the animal possessed of 

direction eyes shaws a phototropism that is probably purest in its 

type in the sense that it is least complicated by extraneous factors. 

From the direction eye as a point of departure two chief types 

of eyes have evolved, both characterized by the capacity to form 

images. Hence they have been called eidoscopic or image eyes. On 

the one hand, photoreceptive units, each more or less like a direction 

eye, have become arranged as a spherical system, thus giving rise to 

the compound or mosaic eye so common on the optic stalks of crus- 

' taceans and on the heads of insects. On the other hand, by enlarging 

the cavity of the direction eye and providing it with a wall, and a 

pupil or lens, or both, a camera eye has been produced such as is 

seen in many snails and higher mollusks like the squids, devilfish, and 

so forth, and in the vertebrates from fish to man. These two types 

of eyes produce images that are often remarkably rich in detail, the 

image in the compound eye being upright and that in the camera eye 

inverted. . 

When the light reactions of animals that possess compound eyes, 

like the insects, for instance, are studied, they are found to be by no 

means simple tropic responses. The mourning-cloak butterfly, when 

liberated in a room illuminated by a single, bright light, flies toward 

the light and behaves in a way to justify the designation positively 

phototropic. When, however, it is watched in the open field, its 

reactions are very different. After flying about in the sunlight for 

a while, these butterflies come to rest definitely oriented to the direc- 

tion of the sun’s rays, but instead of being headed toward the sun, as 

a positive animal should be, they head away from the sun in the 
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position of negative phototropism. Here, then, is an animal that in 

flight is positively phototropic, but in its resting posture is negatively 

so. These two activities, however, are intimately associated with the 

animal’s environment. The flight toward light carries it under nat- 

ural conditions to sunlit districts, and its negative position when rest- 

ing in sunlight enables it to display its colors, which in the act of 

mating is a very important and significant step, as any one can observe 

in the open field at the appropriate time of year. 

Not only is the phototropism of the mourning-cloak butterfly com- 

plicated, but the insect exhibits also this peculiarity : that though posi- 

tively phototropic when in flight, it does not fly toward the sun, the 

source of strongest light in its natural environment. An experi- 

mental test of the animal from this standpoint shows that when it is 

placed midway between two sources of light of equal intensity, one a 

small point and the other a large surface, it regularly moves toward 

the large surface. Under like conditions animals without image eyes 

keep an even course between the two lights. For the butterfly with 

eidoscopic eyes the large area of less bright light determines the 

direction of movements rather than the small area of intense light. 

Hence in nature these animals fly from one patch of sunlight to 

another rather than toward the source of all light, and thus they may 

be said to prefer a place on earth to one in the sun. It takes only a 

moment’s consideration to recognize how complicated the light re- 

sponses of this butterfly are as compared with those of a purely photo- 

tropic animal. 

That the reactions of insects to light are built up on a background 

of phototropic activity seems to the writer to be perfectly clear. The 

pure phototropic responses are often strikingly exhibited in the larval 

stages where only direction eyes are present, a condition of affairs 

pointed out long ago by Loeb in the caterpillars of the Porthesia moth. 

But they are also easily disclosed in the adult condition, where they 

are covered at most by a veneer of instinctive activities which repre- 

sent in reality modified tropic movements such as have been pointed 

out in the mourning-cloak butterfly. Thus Dolley (1916) has shown 

that even in the mourning-cloak butterfly itself circus movements may 

occur on blackening one eye, and the same is true of the still more 
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complex honey bee as studied by Minnich (1919). And Garry 
(1918) has recently demonstrated in a most striking way the tropic 
nature of the pose-and locomotion in certain flies. Thus the adult 
insect, though subject to the most diverse movements in an illumi- 
nated field, has underlying its whole system of response a basis of 

simple phototropism. This relation is nowhere better illustrated than 

in the blowflies. The maggots of these flies are strongly phototropic 

in a negative sense and exhibit those balanced reactions to opposing 

lights that are characteristic of the purest form of phototropism. 

They possess eyes, but these eyes are little more than direction eyes. 

When they emerge as adults, they have well-developed compound 

eyes. Under laboratory tests they are said to be positively photo- 

tropic, but in the field they exhibit such a variety and complication 

of photic response as to recall the state of the mourning-cloak butter- 

fly. Bees are without doubt positively phototropic, but their daily 

life in the illuminated field in which they live is as complex in many 

respects as that of a human being. As von Frisch (1914) has re- 

cently shown, they can be taught to associate color with food supply, 

and it is impossible to explain their homing instincts without assuming 

memories, visual and otherwise, of an order fairly comparable with 

those found in the vertebrates. Thus many insects, though funda- 

mentally tropic in their underlying nervous organization, have built 

upon this organization an immense superstructure of reaction types 

mostly of an instinctive kind that obscures and hides the original 

simple tropic scheme. This overgrowth in phototropism is dependent 

upon, first, the development of an eidoscopic eye whose image is rich 

in detail, and, secondly, upon the development of central nervous 

organs capable of caring for such detail. In this respect the insects 

offer remarkable transition forms between the purely phototropic 

simpler organisms and those in which phototropism seems to have 

vanished completely. 

It is a fair question to ask whether vertebrates exhibit any tropic 

responses whatever. Most students of this subject would answer 

this question, I imagine, in the negative. Yet it is very difficult to 

explain, for instance, the feeding habits of the dogfish without assum- 

ing a tropic basis. When hungry dogfishes are liberated in a pool 
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in which food is hidden, they begin sweeping the bottom in rapid 

circular movements, turning now to the right and now to the left. 

If both nostrils in the fish are closed with plugs of cotton, these 

. movements do not occur. If, now, one nostril is freed, the circular 

form of locomotion returns with this peculiarity, however, that the 

circles are now almost always in one direction—+.e., with the free 

nostril toward the center. Plainly the dogfish scents its food and in 

hunting turns, as animals exhibiting tropisms do, in the direction 

appropriate for the more intense stimulus. Thus the dogfish shows 

responses that in every way have the earmarks of a tropism. This 

condition, however, is very exceptional, for in general the responses 

of vertebrates to their environment, as every one knows, resemble 

vastly more those of the more complex insects than they do the tropic 

reactions of the simpler organisms. 

A remarkable form of vertebrate response in this particular is the 

instinct shown by newly hatched loggerhead turtles to go toward the 

ocean. It is a most singular spectacle to see a dozen or more of these 

newly hatched creatures scramble across the horizontal surface of a 

wharf directly toward the water which, in consequence of a raised 

wooden edge, they could not see and. with which they had had no 

previous experience. What determined their direction of motion was 

at first sight very difficult to say. After some trials, however, it was 

found that they commonly went away from any large diversified mass, 

especially when it occupied a part of the horizon line, and they as 

commonly went toward a uniform and uninterrupted part of the 

same line. Their first steps in this operation were extremely inter- 

esting to watch. When a young turtle is placed in position to move, 

he quickly raises his head, makes a complete turn through a whole 

circle to test out apparently his surroundings, and then takes a 

straight course toward the clearest part of the horizon. That this 

reaction has of necessity nothing whatever to do with the ocean can 

be shown by starting the turtle near some high shrubbery, but on the 

side away from the sea and toward a free, open field. The animal 

will then move away from the shrubbery and toward the open field 

with as much certainty as it had previously done toward the water, 

though in this instance it is. plainly moving away from the element 

which ordinarily it would be expected to seek. 
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The natural response of the turtle to the sea is so obviously in- 

stinctive and so uniform that it presents all the superficial traits of a 

tropism, but when it is looked into, it appears to be a very precise 

form of instinctive reaction to the details of the retinal image. When 

loggerhead turtles were tested in a dark room provided with a single 

light, they went neither toward the light nor away from it, but re- 

mained for the most part quietly resting where they had been put. 

Contrary to the view expressed by Hooker (1911), they are not 

phototropic. They are active when their retinal fields are full of 

detail and they move toward that part of the field in which the horizon 

is most open. Under natural circumstances this usually brings them 

to the sea, but it does not necessarily do so, and it is in no sense a 

true tropic reaction. The young loggerhead turtle exhibits, then, an 

activity that superficially resembles a tropism, but that in reality is 

very different. In this respect the animal declares its higher nature. 

Most vertebrates respond in very precise ways to the details of 

their retinal fields. Thus frogs and toads will seize and swallow 

almost any small moving object, be it a pebble or a bit of wax 

attached to a string, or a living insect. The motionless insect, like 

the motionless pebble, escapes. It is something moving in a field 

otherwise quiescent that excites the reaction. This reaction is de- 

pendent, therefore, on a detailed retinal image associated with a 

highly differentiated central nervous apparatus. 

By a strange coincidence a frog through a simple operation may 

be reduced from an animal responding in the highly complex way 

just described to one that reacts after the style of pure phototropism. 

Frogs, like most other animals of their class, are sensitive to light 

through the skin. If the anterior part of the head of a frog is cut 

off transversely just behind the eyes, the operation deprives the ani- 

mal at once of retinal images and of its higher nervous centers. 

What is left of the animal still responds to light, but only through 

the skin and by means of a much simpler central apparatus than it 

had before the operation. Such a frog will maintain a natural sitting 

posture, and, if near a window, it will turn till it faces the light, after 

which it will commonly move forward from time to time toward the 

window. It is in no way excited by small moving objects about it, 
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but it presents all the appearances of a simpler positively phototropic 

animal. Its transformation is most perfect and complete. Here, 

then, the influences that cover over and obscure the fundamental 

tropisms have been removed and the animal is reduced to that state 

which in a way was probably characteristic of its remote ancestry. 

Thus by a simple operation a highly complex vertebrate may be 

reduced to a simple tropic animal. 

If this outline represents the true course of events, it follows that 

vertebrates react in ways other than tropic in consequence of their 

enriched sensory fields, whose details are relatively enormous as com- 

pared with those of the simpler animals. This is especially true of 

the retinal fields. Such enriched sensory relations have induced in 

these complex animals the development of a vastly intricate central 

nervous organ, and on these two elements, the complex field and the 

intricate center, are based the possibilities of the sensations, mem- 

ories, volitions, and other like activities that give diversity to our 

performances as compared with those of the simpler animals. 

Though vertebrates show little of the primitive tropic responses, the 

insects afford interesting examples of balanced forms of behavior in 

which, though the tropism is clearly discernible, the higher type of 

response, the response to detail or what may be called the singular 

response, is clearly visible. 
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SOME TOPOGRAPHIC AND CLIMATIC CHARACTERS IN 

THE ANNUAL RINGS OF THE YELLOW PINES 

AND SEQUOIAS OF THE SOUTHWEST. 

By A. E. DOUGLASS. 

(Read April 21, 1922.) 

The material here presented is part of a long-continued investi- 

gation of historical data contained in the annual rings of trees. Such 

data naturally are impressed by the environment, and the factor of the 

latter which interests us most is the climate. In this study as a 

whole, some 500 trees have been used, scattered in groups from Cali- 

fornia to Austria. About 110,000 rings have been dated and meas- 

ured. The conclusion hitherto reached may be stated in a few sen- 

tences. First: the rings in the groups studied may be dated with 

practical certainty. This is not intended as a general statement for 

all trees in the world, because the identification of rings seems to 

increase in difficulty as the snowfall of winter decreases. Second: 

the yellow pines in the dry climate of northern Arizona give in their 

rings a rainfall record of considerable accuracy, namely, 70 per cent. 

in groups of trees near the rainfall record station. This is increased 

to an accuracy of some 85 per cent. by the application of a simple 

formula for conservation. Third: certain groups of wet-climate 

trees, especially about the Baltic Sea, give a very exact record of 

solar activity, as indicated by the relative sunspot numbers. Fourth: 

the rings in certain wooden beams used in prehistoric construction 

can be made to give us certain chronological facts. For example, it 

has been shown by this means that the old ruin of Pueblo Bonito in 

northwest New Mexico is forty to forty-five years older than that of 

Aztec, some fifty miles north of it. Fifth: three mechanical aids 

have been developed, a tubular borer for securing a core extending 

from the outside to the center of a beam or a tree, a recording micro- 

scope slide or micrometer for measuring ring widths, and a cycloscope 

for rapidly determining periodic effects in a plotted curve. By this 
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last instrument as many as 34 curves of 500 points each have been 

tested in one day for all periods between 5 and 32 points; in this the 

curves were taken entire or in any number of parts. 

At the present development of the investigation a review of the 

topographic effects observed in the trees seemed necessary. For such 

purpose a group of some 21 sequoias which had grown in Redwood 

Basin, 15 miles east of General Grant National Park, Fresno County, 

‘California, was used. It is understood that these trees had been cut 

down, and that radial pieces were cut from the stumps, shipped to 

the laboratory at Tucson, and there identified and measured. The 

trees were scattered for a mile along a valley whose steep slope was 

toward the north. The upper end is near the top of the mountain, 

but a spring supplies a small stream of water. The upper trees 

mostly had a very dry soil, while those below, some 600 or 700 feet in 

vertical measurement, had more level ground and greatly increased 

moisture. The average growth per century in the last 500 years was 

about 7.6 cm. The least was less than 4 cm. and the greatest was 

over 15 cm. The big-growing trees were mostly close to the water- 

course in the lower basin. The average growers were mostly around 

the edges of the basin, while the slow-growing trees were chiefly at 

the tops of the slopes. All this was as expected. Three larger 

growing trees close to the upper limit formed interesting exceptions. 

One was an infant sequoia, only 700 years old when cut, and there- 

fore naturally a fast-growing tree. Another at the very highest point 

was about fifty yards above the spring and undoubtedly tapped an 

underground flow of water leading to it. Its type of rings was very 

similar to those in the basin. The third exception had very large 

rings, but they were full of sensitive variations like the slow-growing 

trees near by. That tree is probably over a pocket of water whose 

help increased its growth, but which failed in extremely dry condi- 

tions. It is evident, then, that with the sequoias moisture may control 

the growth up to a maximum fully four times as large as the 

minimum. 

The type of ring and its adaptation to.identification and study 

varies greatly with the moisture supply. The large rings of the 

quick-growing trees are either very complacent—that is, of the same 
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size for many years in succession—or gross in character, which means 

extraordinarily large rings here and there and the whole grouping 

apparently subject to slow surges in size as one glances across the 

sequence from center to bark. Gross rings in one tree have about an 

equal chance of appearing or not appearing in any other tree near by. 

Since gross and complacent rings have little individuality, it is not 

always easy to identify their dates, especially if the outer layers of 

wood have been cut away as was usually done in felling the sequoias. 

On the other hand, the slow-growing, low-moisture trees are full of 

snappy irregularities which may be found in tree after tree, thus 

rendering accurate dating a remarkably easy process. It is also 

immediately evident that these latter sensitive trees give short-period 

variations far more accurately and effectively than the complacent 

trees. 

A study of cycles of growth in the last five centuries of these 

twenty-one trees shows that often basin and upland trees vary to- 

gether, and that in comparison with the others the well-watered trees. 

show no lag of more than three years. Certainty in regard to no lag 

at all has not yet been reached. 

Out of these latter tests has come the most interesting fact ot all 

to students of cycles. The yellow pines of northern Arizona, much 

more sensitive than the upland sequoias, show the history of the 

eleven-year sunspot cycle in a prominent manner, even though other 

cycles are present. The fairly sensitive upland sequoias show the 

sunspot cycle, but other cycles are more prominent, and the eleven- 

year period has to be traced in multiples or harmonics to overcome 

the various interferences. But the complacent rapid-growing se- 

quoias show the sunspot cycle only here and there, and so far no 

certain way has been found of using them in studying the history of 

that cycle. 

This brings us to the consideration of the cycles in tree growth 

as climatic products. The ring itself is a result of the seasons. 

Variations in the rings in dry climates are found to match the rain- 

fall. But the rings display marked cycles, and if these also can be 

interpreted as climatic, they are likely to prove of great assistance in 

studying climatic variations, because they stretch over great historic 
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periods. The first line of evidence naturally is to compare the cycles 

in a tree sequence with cycles in rainfall records near by. This is 

done successfully with the Prescott trees, but the period over which 

such a comparison can be made is under half a century, and that is 

too short for satisfactory results. These trees show a 7.7-year cycle 

and the eleven-year sunspot cycle. The rainfall shows the sunspot 

cycle and a 7.7-year cycle, but the latter could be interpreted as any- 

thing between 5.5 and 8 years. 

The next line of evidence depends upon the area over which cycles 

may be traced, for the common environment over a large area is 

climate. A test has been made between ten pines in southwestern 

Colorado, nine pines in northwestern New Mexico, fifty miles away, 

and nineteen pines at Flagstaff, Arizona, 200 miles southwest of the 

other groups. These three groups are largely identical in their cycles 

for the last two hundred years or more. This gives us much confi- 

dence that these cycles are real and are climatic in origin. : 

But still further evidence comes from a purely historical source 

and is of a kind full of interest on its own account. Professor E. W. 

Maunder, of England, in a recent letter, called attention to the pro- 

longed dearth of sunspots between 1645 and 1715 and judged that if 

there were a connection between solar activity and the weather and 

tree growth, this extended minimum should show in weather condi- 

tions and in the trees. On receipt of the letter this period was imme- 

diately recognized as the interval in which the greatest difficulty had 

been found in tracing solar effects. In fact, in 1914, when the writer 

was trying to trace the history of the solar variations in the yellow 

pines, the difficulty between those dates almost led to the view that 

the trees were not giving this cycle. A present review of the eleven- 

year period in those trees confirms its well-marked existence from 

before 1400 to the middle of the seventeenth century. Soon after 

1700 it reappears, but not in complete form until the latter part of 

that century. 

The test was then carried to the sequoias and two difficulties were 

encountered. First, it was found that the slow-growing, sensitive 

upland trees were the ones which displayed the solar cycle, and, 

second, the interference by other cycles was such that the double 
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period of about twenty-three years was a more satisfactory means of 

tracing the-vicissitudes of the solar period. When these conditions — 

were observed the same result was obtained as before from Arizona. 

The twenty-three-year period, in fact, begins to show change about 

1635 instead of 1645 and continues on a ten-year cycle to the neigh- 

_borhood of 1712, when the double sunspot period is resumed. Prob- 

ably more and more evidence will be brought to bear on this point. 

Almost at the time of writing it is noticed that the Vermont hemlocks 

show a ten-year period from their beginning in 1654 to well on in 

the middle of the next century. The eleven-year period begins to 

show at about 1700 and becomes dominant in the latter part of that 
century. Modifications will doubtless be made in historical review 

of evidence in the trees of the prolonged dearth of solar influence at 

that time, but the evidence, so far as it goes, is wholly in favor of a 

pronounced effect in the growth of trees. 

This correlation found in response to Professor Maunder’s note 

therefore led to two results. First, it seemed to confirm strongly the 

idea that the cycles in the trees are not merely real, but they are 

related to weather elements and to cosmic causes; and, second, it gave 

added weight to the provisional history of solar variation derived 

from a study of the 3,200 years of sequoia growth. There has not 

been enough time yet to review that large mass of measures and 

derive a satisfactory history, but in conclusion a brief memorandum 

upon that point will be of interest. It is probable that from 1300 

B.C. to well after 1000 B.C. the sunspot cycle was well developed ; 

then it slowly decreased. From 300 B.C. on, it was increasing and 

was very conspicuous during the first two centuries of our era. 

Then it decreased and from 400 to 650 A.D. was only occasionally 

evident. From 650 to 850 or goo it seems fairly continuous. Then 

it appears only occasionally until about 1250, when it again became . 

fairly continuous with the changes in the seventeenth century above 

noted. 

Thus there seem additional grounds for regarding the trees as 

supplying useful historic data and giving us long ranges of time over 

which to study the vagaries of our fickle climate. 

In summarizing one notes a strong topographic effect in the trees 

of the Southwest, as expected; the maximum growth in well-watered 
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ground is four times the minimum in dry ground and is accompanied 

by profound differences in type of ring; the eleven-year solar period 

(of the double-crested, dry-climate type) shows with rapidly increas- 

ing distinctness as one passes from the complacent, moist-ground 

trees of the basins to the very sensitive, dry-soil trees of the uplands 

and of Arizona. The climatic feature considered in this paper is the 

reality of certain possible climatic cycles found in the trees. That 

these cycles are real is attested by the extent both in time and space 

over which they are traced. This conclusion enables us to trace in 

the rings of the sequoia a provisional outline of solar variation for 

the last 3,000 years. | 

STEWARD OBSERVATORY, 

UNIVERSITY OF ARIZONA. 
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THE EFFECT OF DIURNAL VARIATION OF CLOCK 
RATES UPON LONGITUDE WORK. 

By R. H. TUCKER, C.E. 

(Read April 21, 1922.) 

In dealing with the question of a diurnal variation of clock rates 

it may be necessary to introduce some reservations—to employ the 

language of recent diplomatic conferences. 
These reservations are mainly covered by treating the phenomena 

as those of observation, and still further limiting the data of observa- 

tion to the meridian circle transits of stars. 

Either our clocks run faster at night or there are systematic cor- 

rections to our observations that have not been detected nor applied. 

_ Such systematic corrections might be due to errors of observation 

and reduction, or to some periodic term affecting the position of the 

meridian. 

The hourly rate of a clock, computed from transit observations 

during any period of a night, will always differ from the average 

hourly rate during a period of one day unless, by a rare chance, the 

accidental error of observation exactly balances the error of the 

adopted right ascensions. 

These two classes of error are of nearly the same order of magni- 

tude as regards their accidental character. 

For instance, the right ascensions of NEwcoms, as tabulated in 

the American Ephemeris, have average accidental errors of at least 

+ 0*.02 per star. 

The probable error of an observation with our instrument is quite 

precisely + 0*.02. 

With any number of stars used, the probable error of an observed 

clock correction, and that of an observed rate, would be made up of 

virtually equal errors of observation and of right ascension. Of yet 

greater importance in deriving hourly rates are the systematic errors 

of the adopted right ascensions, since these can not be diminished by 

increasing the number of stars observed. 
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Both classes of error can be eliminated by observing the same 

stars in each hour of right ascension, and closing a cycle of observa- 

tions in which every hour has been included. Also some systematic 

errors of observation, such as that due to magnitude equation, are 

eliminated in the cycle. 

The average systematic error of NEwcomps’s right ascensions at 

this date is not far from + 0%.02 per hour. 

The average difference between two consecutive hours is smaller 

than the average per hour, since the systematic errors are periodic in 

character, approximately of the form, —o*.02 cosa-+0*.o1 sina. A 

comparison of the right ascensions of NEwcoms in the American 

Ephemeris with those of Boss in his Preliminary General Catalogue 

gives an indication of the character of the systematic errors to be 

anticipated. 

For 325 stars at present under observation here, between 37° 

north declination and 30° south, the average difference is + 0*.022 

per star. In hourly groups the average difference is ++ 0*.006 per 

hour. Differences ‘between individual stars are evidently mainly 

fortuitous.* This does not imply an absence of systematic errors, but 

does indicate that the systematic errors of the two authorities are 

similar. The average difference between two consecutive hours is 

+ o%.o10 for the two lists. 

If we use the right ascensions of Boss, the computed hourly rate 

of a clock will differ o*.o10 from the hourly rate computed with 

NeEwcomp’s right ascensions, in the average, and may differ more 

than twice that amount. The right ascensions of Boss appear to 

have the relative weight 3:1, as regards accidental errors, and weight 

2:1, for systematic errors. 

The later fundamental system of AUWErs appears to be as precise 

as that of Boss, both as regards accidental errors and systematic 

errors. 

_ NeEwcomp’s system antedates the other two by about ten years. 

If we include as clock stars only those within 15° of the equator, 317 

in number, the average differences between NEwcoms and Boss are 

* The. difference 0°.006 for an average of 13 stars per hour corresponds 

to the average difference of 0*.022 per star. 
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22 16 — 008 

O13 

23 18 + 005 

008 

Average 13 + 0.006 + 0.010 

From our observations extending over a period of a quarter of a 

century the mean excess of the hourly rate at night over the average 

hourly rate during one day is 0.006. This corresponds to a variation 

in the daily rate of an amplitude of approximately 0.3 of a second. 

The difference between observed and interpolated clock corrections 

would be a maximum for an interval of six hours, and would amount 

to over 0%.03. Double this difference would occur between the ob- 

servations near sunset and sunrise, and an observed difference of 

0°06 has been found between clock corrections at those epochs of 

the day. These numerical results are still subject to revision, as more 

precise values are to be anticipated from our current series of 

observations. 

In fundamental right-ascension observations differences of this 

size should occur, but the alternate observations of groups of stars, 

twelve hours apart, has smoothed out this effect in our adopted 

systems. as 

It is not often necessary to carry the daily rate forward more 

than two hours except in fundamental work, and the difference be- | 

tween daily and hourly rates would rarely introduce an error exceed- 

ing O%.01. 

It has been our custom generally to adopt the hourly rate derived 

during the period of observation, when that period is of sufficient 

length, in reducing transit observations. The results thus obtained 

conform to the adopted right-ascension system, with its errors in- 

cluded. The actual performance of the clock has been of secondary 

importance in deriving the right ascensions. ° | 

* [one star] » Herculis, mistake in P.M. 
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__ Changes of temperature in our well-protected clock cases have 

had-no-sensible effect upon daily clock rates for short periods, such 

as one day, with which we are here concerned. 

Ordinarily the range is less than one degree, and nearly always it 

is progressive, so that the temperature at night falls between those of 

successive days. 

The variation of.atmospheric pressure, as recorded by the barom- 

eter, affects the rate of a pendulum clock not hermetically sealed. 

For our Riefler clock, installed in 1907, a change of one inch in 

atmospheric pressure changes the daily rate 0*.46. 

In our fine summer weather the average barometer reading at 

midnight is 0.04 inch below that at noon, and the lowest reading com- 

monly occurs in the early morning, following midnight. In fine 

weather in winter the reading at midnight is 0.01 inch below that at 

noon, and the lowest readings occur in the afternoon. 

The summation of the hourly excess at night has been divided 

into two periods, corresponding to the use of the Dent clock, unsealed 

up to 1907, and the use of the Riefler, following that date. 

The first period gives a mean hourly excess of 0*.007, and the 

_ second period gives 0*.004. The difference between the two results 
and the mean results are too large to be accounted for by the variation 

of the atmospheric pressure. 

The observation of clock corrections and rates during the night 

hours should be uninfluenced by any possible deviation of the meridian 

plane, due to barometric or thermal gradients in the atmosphere, such 

as might be suspected at sunset and sunrise. 

The effect of such gradients has been found to be very small, even 

at these epochs of greatest disturbance. 

Excess or Hourty Rates at NIGHT. 

Series A p Wt. 
1893 to 1894 — 0°.0097 - 

04.0% > <95 — 0.0059 2 

on. 96 — 0 .0066 I 

ata. — 0 .0039 2 
98 “ 1900 — 0.0076 4 

1901 “ 04 — 0.0086 4 

Oe 06 — 0 .0052 2 

oa OF — 0.0047 2 
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Ope. 08 — 0.0037 I 

i? ibaemeay, 8 — 0.0038 3 

sh Sat — 0 .0047 3 

1920 — 0 .0037 3 

Mean (12) — 0.0057 

+ 0.0004 
Weights — 0.0059 

The weights have been assigned according to the number of nights per 

year, and the number of stars per night. 

Small undetected progressive changes in the position of the in- 

strument would be represented in the computed clock corrections and 

rates. The changes in instrumental corrections were usually meas- 

ured over a period of at least four hours. 

It is hardly credible that uniform progressive changes would per- 

sist undetected in this long term of years if they were of sufficient 

size to account for the hourly rates as observed. 

To explain the sunset and sunrise results, systematic differences 

would need to be of a decided character. Instrumental corrections 

and the indications: given by the mire readings have had careful 

scrutiny in this connection. 

Physical or mental fatigue might be presumed to affect the per- 

sonal equation of the observer, and thus influence the computed clock 

rate. The effect would more probably produce erratic results, with 

larger accidental errors of observation. 

The reaction times at sunset and sunrise would necessarily be of 

quite different character, also, from those at night to make plausible 

this explanation. Our current series of observations will give a test 

of such a possible effect, as we shall have mean hourly excesses during 

periods of six consecutive hours, in each of which the systematic 

errors of right ascension will have been eliminated. 

A diurnal term in longitude, similar in character to the fourteen- 

month variation, would produce a diurnal periodic variation in clock 

corrections and rates, as observed. If the maxima occur at sunset 

and sunrise, the most rapid changes would occur at noon and mid- 

night. 

Clocks do not run over long periods of time with the uniformity 

requisite to test the fourteen-month term, and we derive the long- 

term variations in the longitude from the corresponding observed 
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variations of latitude. _ But any good clock can be relied upon during 

a period of one day to test a diurnal variation. 

If there is a physical cause for a diurnal variation in our observed 

results, the best clocks will give the best defined variations. 

Since latitude observations with the zenith telescope have been 

confined to the night hours, we can not expect much contribution to 

the solution of a diurnal term from that delicate differential instru- 

ment. If the maxima of longitude variation occur at sunset and 

sunrise, the maxima of latitude variation should come at noon and 

midnight. 

The current observations at the international zenith telescope sta- 

tions are made in two groups, at nearly equal intervals each side of 

midnight. 

The closing error of the groups, which is about 0”.2 distributed 

among twelve periods, might be due to a variation with a daily maxi- 

mum that does not fall exactly half way between the two daily 

groups. 

At your neighboring institution, the Flower Observatory of the 

University of Pennsylvania, a distinct difference in latitude results 

was derived by Prof. C. L. Doolittle between early and late hours of 

the night. This difference could be attributed to an error in the 

adopted constant of aberration, and a correction (0”.08) was com- 

puted by that most thorough and capable observer. It will be recalled 

that the zenith telescope observations have pretty uniformly given 

larger values for the constant of aberration than those derived from 

other sources. With the value of the constant, 20”.47, only one 

quarter of the difference derived by Prof. Doolittle would be ac- 

counted for. 

Observations with the prime vertical instrument by M. Jean Boc- 

cardi, at the Turin Observatory, in 1920, were designed to show a 

differential effect in latitude results during the night hours. 

By comparing the observed differences between stars separated 

about three hours in interval, through a cycle of nearly one year, he 

derived a cosine term with an average coefficient of 0”.07. 

The extensive series of prime vertical observations of a Lyr@ at 

the U. S. Naval Observatory, seventeen hundred observations in 



130 TUCKER—EFFECT OF DIURNAL VARIATION 

nineteen years, exhibit a difference of 0”.5 between declinations 

measured by day and night. 

Corrections to the adopted constant of nutation were computed 

from this series, from both day and night observations combined, and 

from the two periods of the day separately. 

The first of the solutions mentioned gives a correction of + 0”.03 

to the constant 9”.22. 

To return to meridian circle results, our. fundamental work during 

the years 1905 to 1908, and in 1916, has given us the observed lati- 

tude at all hours of day and night. 

Over one thousand observations have been combined in deriving 

the following diurnal term. More than one quarter of the total 

number are of zenith stars, close enough to the zenith point to be 

observed facing either north or south for the measurement of bisec- 

tion error. 

A somewhat larger number are of stars bright enough for day- 

light observation, divided into groups for which the means are close 

to the zenith. 

The stars a Andromede and Polaris furnish a third of the total 

number. 

Fbservations of Polaris and B Urse Minoris are the only ones 

for which corrections for the diurnal variation of refraction are of 

importance. This correction has been derived from observations of 

stars at large zenith distances on both sides of the zenith, and the 

solution is independent of the latitude and its variation and of the 

nadir readings. The diurnal variation in the atmospheric refraction 

at this station is approximately one per cent. of the total refraction. 

A separate solution for the diurnal term had been made from the 

zenith stars only, before including the results from the other stars. 

Errors of refraction could play no part in this solution, which gave 

the same numerical coefficient as the solution from all the stars, within 

one unit in the third place of decimals. 3 

The observations are nearly evenly distributed between daylight 

and night hours. 

All have been corrected for the latitude variation of long periods 

from the results of the international zenith telescope stations, exclud- 

ing the z term. . 
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The diurnal term given by these observations is +0”.14 cos T, 

where T is reckoned from noon. The solution gives also a small sine 

term, with coefficient 0”.03, which does not appear to be distinct 

enough to adopt. The cosine term is less than one half the difference 

in the observed clock corrections at sunset and sunrise. It is of the 

same size approximately as that of the fourteen-month term of the 

latitude variation. 

Since the axis of figure of the earth does not coincide with the 

_axis of rotation of the earth, the pole of figure makes a daily revolu- 
tion about the pole of rotation. The pole of figure advances only 

0°.8 on its curve, representing the fourteen-month rotation, so the 

daily revolution will be nearly circular. 

If the deviation of the two axes is constant during a day, there 

could be no resulting variation of latitude, according to the accepted 

definition of that codrdinate, assuming that the axis of rotation does 

not shift its position during the same period. 

If the position of the instantaneous axis of rotation of the earth 

with respect to the celestial sphere still requires correction, depending 

upon an error in the adopted constant of nutation, these several 

anomalies of observation may possibly be reconciled with theory. 

As observations of this character have served to determine our 

astronomical constants, modern refined observations may- indicate a 

need of revision of the values. | 

The test should be sought in fundamental observations with the 

meridian circle, since the full amplitude of variations can be more 

effectually observed, while other classes of observation have given 

mainly tests of differential changes. - 

Since aberration has minimum effects upon transits of stars near 

sunset and sunrise, and also minimum effects upon zenith distances 

of stars near noon and midnight, the two diurnal variations in our 

results do not appear to indicate any correction to the constant of 

aberration. 

The diurnal term in observed $ may indicate a small correction 

(0”.02) to the constant of nutation. 

The solution of a diurnal term is commonly involved with that 

of an annual periodic term, when dealing with observations of any 

PROC, AMER. PHIL. SOC., VOL. XLI, J, AUG. 31, 1922. 
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star at all hours of the day, but the observations of Polaris include 

many consecutive transits at opposite culminations. 

The variation in clock corrections or rates is distinctly of a 

diurnal character. | 

DiurNAL TERM IN LATITUDE VARIATION. 

Epoch A ¢ Comp. O-C 

0".6 P.M. + 0'’.06 + 0.14 —0''.08 
I .4 . +0 .07 O .13 —o .06 

om mn — +0 .03 O .II —o .08 

3.4 = - +o .08 0 .09 —oO .O1 

4 .4 o +0 .04 0 .06 —oO .02 

5.5 iP —oO .30 +0 .02 —O .32 

ee ¥: +0 .26 —0O .02 +o .28 
7 2 " —o .08 ; O .05 “—0O .03 

8.5 az —O .07 0 .09 +0 .02 

9 .4 ‘ +o .02 oO .II +0 .13 

10 .4 ms —o .15 0 .13 —oO .02 

II .6 4 —oO .10 O .14 +0 .04 

0 .4 A.M. —0O .30 O .14 —o .16 

I .5 e —O .34 0. .13 —o0 .21 

2 4 by —oO .14 6'at —0O .03 

ae * —oO OI 0 .09 +o .08 

4 3 = +0 .09 0 .06 +0 .15 

ee +0 .o1 —0.03 - +0 .04 

6.5 " +0 .12 +0 .02 +0 .10 

a ¢ +0 .09 O .05 +0 .04 

8 .4 . +o0 .10 0 .08 +0 .02 

9 3 . +0 .1I O .II 00 

10 .5 . +0 .26 O .13 +0 .13 

It 3 Hi +0 .14 O .14 0o 

Mean 0 .00 0 .00 0 .00 

Average +0 .12 +0 .09 +o .08 

A ¢=-+ 07.14 cos T 

The groups of A ¢ have an average above 42 observations each. 

The probable error of the night groups derived from individual residuals 

is + 0”.08, and that of the day groups is + 0.12, average + 0.10. 

The two sunset groups have residuals of four times the average O-C, 

which would be + 0.06 if these two results are combined into one. 

Observations. 

ZOD  StATE: ose in ee Chie eee Re paca a ee ears 258 

0 Madromed vic Fite bas $evea wets Sek aeons 135 

PONIES noo icin od eh Aa aos Cae 231 

BO rsa MANOS oo ices car nsue Ce neekws suka tins 77 

Grom be. ov bFR RES KG Se ES CR 319 
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The latitude Arom this partial summation of our fundamental 
observations is ¢, = 37° 20’ 25”.6. This was the value derived from 
the first effective meridian circle work here. Previous to the begin- 
ning of that work, in 1893, the adopted latitude of the instrument, as 
furnished by the U. S. Coast and Geodetic Survey, was a full second 
of arc smaller. This difference could be due to the errors of declina- 
tion of the stars employed in the earlier determination, and to the lack 
of corrections for the periodic variation of latitude. 

As to possible sources of systematic error in our zenith distance 

observations, there might be a sensible difference between nadir read- 

ings during daytime and night. 

This would probably not appear as a periodic term, however. All 

accidental errors, even those of circle readings, are larger in the day- 

time. 

It is more difficult to concede the probability of a shift in the 

zenith point, due to a variation in the refraction at the zenith. Espe- 

cially is this less probable during the night hours, when the atmos- 

pheric conditions are most stable. 

Whether our observed periodic variation is in the clock rates, or 

in some term affecting the position of the meridian, the determination 

of the difference of longitude between two widely separated stations 

will show the’effect if the phase is the same for both stations. 

. The usual procedure for an exchange of longitude signals is to 

observe the same list of stars at each station, in order to eliminate 

errors of right ascension. 

If the stations differ 90° in longitude, the rate of one clock will 

be carried forward six hours to the epoch of observation at the other 

station. 

If the established daily rate of the clock be used, the accumulated 

error would amount to 0%.0 3 in this interval. 

Every exchange of signals would have this error, but if signals 

are sent each six hours during one day the errors would occur in 

pairs, two successive plus errors being followed by two minus errors. 

The double amplitude of 0*.06 would occur in two consecutive 

exchanges, twelve hours apart. 

If two stations differ 180° in longitude, exchange of signals every 

six hours would give differences alternately of 0*.06 and zero. 
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If we take an exchange of signals between Greenwich and a sta- 

tion 90° west, and the group of stars is observed at midnight, the - 

derived difference of longitude would be 0*.03 in error, but no differ- 

ence in the exchanges at both epochs of observation would appear. 

If the group of stars were observed at sunset at each station, the 

errors of projected clock rates would be of contrary signs, and there 

should be a difference of 0*.06 in the exchanges. | 

A LonGITUDE 90°. 

W. - Corr. E. Corr. W.—E. Change. 

6 P.M. + 0°.03 Midnight == ‘00 -+0°.03 

. : * 00 
Midnight 00 6 A.M. — 0.03 + 0.03 

— 0.06 

6 A.M. —0 .03 Noon 00 —0 .03 

00 

Noon fare) 6 P.M. + 0.03 — 0.03 

+ 0.06 
6 P.M. +0.03 Midnight 00 «6. + 0.03 

A LoncitupE 180°. 

6 P.M. + 0°.03 6 A.M.: —o*.03 +0°%.06 
— 0°.06 . 

Midnight 00 Noon 00 00 - 

— 0.06 

6 A.M. — 0.03 6 P.M. + 0.03 — 0.06 

+ 0.06 

Noon 00 Midnight 00 rere) 

+ 0.06 

6 P.M. + 0.03 6 A.M. — 0.03 + 0.06 

A LonciTuDE 120°. 

6 P.M. + 0°.03 2 A.M. — 0*.01 + 0°.04 
— 0°.02 

Midnight 00 8 A.M. —0.02 + 0.02 

— 0.06 
6 A.M. — 0.03 2 P.M. + 0.01 — 0.04 ; 

+ 0.02 

Noon 00 8 P.M. +0.02 —0.02 

+ 0.06 

6 P.M. + 0.03 2 A.M. —0.01 + 0.04 
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If the phase of variation has a constant epoch, the maxima would 

-occtir at the same instant for all stations, and the exchange of signals 

would exhibit no changes. 

Without regard to the true difference in longitude, an exchange 

of clock signals at intervals of six hours through one day, between 

two stations 90° apart, may furnish a test of the phase of the vari- 

ation, if it is in clock rates. The only necessary conditions are two 

clocks with well-established uniform daily rates and the requisite 

precision in recording the signals. 

It is hoped, and even hopefully expected, that a transatlantic 

record of the wireless signals from Bordeaux may be employed for 

this purpose. 

Our current series of observations should have a weight of ten 

per night, as compared with the earlier work tabulated above, since 

there are about eighty stars observed in each period of six hours, 

while most of the earlier work included but eight stars in periods of 

four hours. 

Whatever the result, when we close the cycle of observations next 

September the weight will be assumed equal to that of all the pre- 

ceding observations. This policy is justified by the rigorous atten- 

tion that is being paid to the necessary details of program and of 

reduction. An interchange of stars or the loss of a single observation 

will always mask, if not mar, the effect of the small correction we 

are sifting out. Nevertheless there has been, personally, a convincing 

effect in the weight of evidence of the old work, from which these 

variations emerge as a by-product—to close with an industrial figure 

of speech. 

Lick OBSERVATORY, 

Mr, Hamrtton, Catir. 



ECOLOGIC AND MORPHOLOGIC STUDY OF THE 
CLOVERS (TRIFOLIUM). 

By JOHN W. HARSHBERGER. 

(Read April 21, 1922.) 

This study of the clovers was begun in 1907 and has been pursued 

intermittently ever since. Sufficient data has accumulated to warrant 

its assemblage for publication. The material for investigation was 

gathered in the open for all of our common species, numbering about 

six, and the remainder was raised from seeds planted in pots in the 

greenhouse. After considerable correspondence, which was seven 

years before the outbreak of the world war, seeds were obtained from 

Ames (Iowa), Amsterdam (Holland), Berlin (Germany), Besancon 

(France), Burlington (Vermont), Cambridge (England), Copen- 

hagen (Denmark), Dijon (France), Dublin (Ireland), Hamburg 

(Germany), Innsbruck (Austria), Kew (England), Knoxville (Ten- 

nessee), Lincoln (Nebraska), Northampton (Massachusetts), Rome 

(Italy), St. Louis (Missouri), St. Petersburg = Petrograd (Russia), 

Tiflis (Persia), Tucson (Arizona), Vienna (Austria), Washington 

(District of Columbia). The seeds from Washington, D. C., were 

obtained from agrostologists connected with the United States De- 

partment of Agriculture and from the Bureau of Foreign Seed and 

Plant Introduction. Some seeds were purchased from dealers in 

New York and Philadelphia. The trial sowings of these seeds 

showed that most of them readily germinated, but some of them were 

refractory, or failed to sprout entirely. The seedlings and young 

plants intended for histologic investigation were fixed in chromacetic 

acid and finally put into 50 per cent. alcohol for preservation. The 

growing plants were used for experimentation on their leaf move- 

ments. 

NuMBER OF SEEDS IN THE Pops. 

Some of the material received from botanical gardens had not been 

hulled and it was thought worth while to determine how many seeds 

136 
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were found in the pods of each species, which were sent in the un- 
cleaned condition. The samples of Trifolium repens showed from 

1-4 seeds in each legume. Trifolium elegans and T. montanum had 

1-3 seeds. Trifolium resupinatum, T. rubens, and T. suffocatum 

yielded 1-2 seeds. The following species, arranged alphabetically, 

had only one seed in each pod, and this held good for these species 

from different countries: agrarium, alexandrinum, alpestre, angustt- 

folium, arvense, badium, bocconi, dubium, elegans, incarnatum, john- 

stoni, leucanthum, maritimum, medium, minus, montanum, nivale, 

ochroleucum, pannonicum, pratense, procumbens, reclinatum, repens, 

repens var. macrorhiza, resupinatum, rubens, scabrum, spadiceum, 

squarrosum, stellatum, striatum, suff ocatum. 

WEIGHT OF SEEDS. 

The weight of the seeds was determined in milligrams. Some of 

the samples were sufficiently large to permit the weighing of one 

hundred seeds of each. Others contained only a small number of 

seeds, so that ten was the maximum number the weight of which 

could be determined. In order that the results might be made com- 

parable, the weights in each case are calculated on the ten basis. Of 

course, the weighings were more accurate where the larger numbers 

were used. In some cases fifty seeds and in others twenty-five seeds 

were weighed. In the accompanying list the weights determined by 

weighing 100, 50, 25 seeds are placed in ordinary type. The weights 

originally determined on the ten basis are printed in heavy-faced type. 

The weights of the seeds of the various species of Trifolium are in 

milligrams: agrarium (2, 5, 3.2, 5), alexandrinum (30, 31.5, 32-55 

34), alpestre (10, 12, 15.5), altissimum (17), angustifolium (12, 14), 

arvense (2, 2.5, 4), aureum (3), balanse (5.4), bocconé (3, 5-5)> 

campestre (1.2), cernuum (2), dubium (3.3), elegans (4.5, 6.5, 7-5)> 

filiforme (4.5, 5, 5-5, 5-6), glomeratum (2.5, 3), hybridum (5,5, 5,555» 

7, 7.5, 8,8) incarnatum (30, 32-3, 36, 36.5, 36.5, 37, 42.5), johnstont 

(5.3), lupinaster (17), maritemum (15, 17, 25), medium (12.5, 12.5, 

13), minus (3.3, 5), montanum (5, 6.5, 7-5, 10, 11), nivale (5), 

pannonicum (28, 33, 36-5, 37, 49, 41), patens (6.5), perreymonds 

(3), pratense (13, 13-5, 14, 15, 15, 16, 16, 16.5, 17, 19.5, 20, 22, 25), 
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pratense perenne (18.5), pratense X medium = Sutton’s cowgrass 

(21), pratense X pratense X medium= Sutton’s giant hybrid cow- 

grass (19.5), procumbens (2.5, 2.9, 5), reclinatum (30, 31), reflexrum 

(6, 6.5), repens: (2, 3, 3:5, 3-7, 5:5) 5e5> 7> Js Fs 7o5s Oly VERE Oe 

macrorhiza (5.5), repens perenne (7.5), repens var. (4.7), resups- 

natum (8.5, 10, 11), rubens (18, 18.5, 19.5, 21, 22.5, 23.5), scabrum 

(1, 2, 4.5), spadiceum (5), spumosum (2.5), squarrosum (15), 

striatum (20, 20.6), suaveolens (16.5), subterraneum (26, 34, 

119.6'), tridentatum (13.5). If we classify the species according to 

the weight of their seeds into light-seeded, medium-seeded, heavy- 

seeded, we would have the following arrangement of them: 

Light-seeded Clovers.—agrarium, arvense, aureum, balanse, boc- 

coni, campestre, cernuum, dubium, elegans, filiforme, glomeratum, 

hybridum, johnstont, minus, montanum, nivale, patens, perreymondi, 

procumbens, reflexwm, repens and varieties, scabrum, spadiceum, 

spumosum. 

Medium-weight Seeds —alpestre, altissimum, angustifolium, lupi- 

naster, maritimum, medium, pratense, squarrosum, suaveolens, tri- 

dentatum., 

Heavy-seeded Clovers.—alexandrinum, incarnatum, pannonicum, 

reclinatum, rubens, striatum, subterraneum. 

The weight of seeds is an important matter to know in buying 

seeds for farming operations by bulk, and also it can be used in 

helping to identify doubtful seed samples, as there are general specific 

differences in the weight of seeds. There is some degree of correla- 

tion between the weight of clover seeds and their size. The larger 

seeds are heavier than the smaller ones. It is probable that the dif- 

ferences in the weight of two samples of the same species of clover 

are due also to a difference in their age. The older seeds, having lost 

water in drying, are, of course, lighter than the younger seeds, which 

have not dried out to the same extent. The variation in weight may 

be due to the fact that they have been derived from different coun- 

tries, and, therefore, grew under totally different conditions. 

1 This apparently large discrepancy is due to the fact that the seed size and 

weight varied more in this species than in any other. 
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_—— SEEDLING CLOVERS. 
ee 

An examination of the large number of seedlings raised from seeds — 

obtained from the different places mentioned above shows that they 

may be classified into several groups according to the sizes of the 

‘cotyledons. The following details are taken from the natural-sized 

drawings of all the seedlings raised during their experimental study 

(Plates I, II, 111). The species of Trifolium with large cotyledons 

are: alexandrinum, angustifolium, incarnatum, pannonicum, pratense. 

Those with middle-sized seed leaves are: agrarium, alpestre, angusti- 

folium, maritimum, medium, procumbens, ochroleucum, reclinatum, 

spumosum, striatum, subterraneum. The clovers which showed small 

cotyledons on germination are: arvense, aureum, badium, balanse, 

bocconi, campestre, cernuum, elegans, filtforme, glomeratum, john- 

stoni, lupinaster, minus, montanum, patens, perreymondi, resupi- 

natum, rubens, scabrum, spadiceum, suffocatum. The clovers with 

narrow cotyledons are: agrarium, angustifolium, boccont, campestre, 

filiforme, glomeratum, maritimum, patens, reclinatum, repens, sca- 

brum. Those with broad seed leaves are: alexandrinum, alpestre, 

badium, elegans, incarnatum, lupinaster, minus, ochroleucum, pan- 

nonicum, pratense, resupinatum, spadiceum, spumosum, stellatum. 

The length of the hypocotyl and radicle together varied from 7 mm. 

in T. johnstoni, 8 mm. in T. scabrum, to 60 mm. in T. incarnatum. 

All of the radicles developed root hairs in greater or less numbers. 

The accompanying plates (Plates I-III) give the general form and 

appearance of the clover seedlings examined. 

MorPHOLOGIC VARIATIONS IN THE CLOVERS. 

It is not intended to make an exhaustive survey of morphologic 

variations in the clovers, but to briefly describe those which came 

under the personal observations of the writer. 

Double-headed Red Clover—In July, 1911, at Belmar, N. J., were 

found two red clover plants in which the heads were double. The 

twin heads were separated down to the middle and were united by 

their lower. halves. The flowers were of the usual structure and 

color. 
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Statistical Study of Red Clover Variations—The usual state- 

ments in the manuals of botany about the size and other character- 

istics of the organs of the species included in the manual are not 

based on accurate measurements for statistical purposes. In order 

to provide such data for the common species of Trifolium, measure- 

ments were made of one hundred red clover plants as a beginning. 

The length of the petioles above the stipules of one hundred 

leaves varied from 271 mm., the longest, to 38 mm., the shortest. 

The length of the middle leaflet of the three leaflets varied from 

44 mm., the longest, to 15 mm., the shortest. The widest middle 

leaflet was 29 mm., and the narrowest 12 mm. Similarly measure- 

ments were made of the right and left leaflets of the trio with the 

following results: 

Longest Lett Leatet: 3s Giicrc iwsiakceap ideas s cet 42 mm. 

Shortest Left Leaflet..............0-- Se a UW a 15 mm. 

Widest Lett: lL eatet cas i cis as sucks bekenoae eee 26 mm. 

Narrowest. Left: Leatiets ooo sies's sea ees peur eaa res I2 mm. 

Longest Raght.2.eghet so 5. is hvdeackds Cree ae haenoent 43 mm. 

Shortest: :\iwht (TicaRe . Giese eee cles ee 13 mm. 

Widest: Right Legge. iii0 ciaeeud lien coed on seks ee 29 mm. 

Narrowest: Right . Leaflet. ic. iiacveascechsicocsves 10 mm. 

Out of 100 leaves, 78 had leaflets with retuse apices and 22 had 

leaflets with obtuse apices. The three leaflets of our common field 

red clover are marked usually (89 out of 100) with U-shape, or 

V-shaped, whitish blotches, as if one had placed a dab of white paint 

on the leaflets with the fleshy part of the thumb. In some cases these 

markings are pale, in other cases prominent. Eleven plants in one 

hundred were found entirely without the thumb-mark spots. Some- 

times a red clover plant has been found in which the white color runs 

along the veins in streaks toward the midribs of the leaflets, This 

arrangement of color may be due the action of an enzyme in pro- 

ducing the variegation, or to the presence of air beneath the surface 

in the V-shaped’ area. A little boy, Roger M. Hinckley, aged 11, 

writes to St. Nicholas (1909) from Greenfield, Mass., about a crinkly- 

leaved white clover with leaflets panduriform. A figure is given of 

this variation, probably induced by disease. 
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Four red clover plants had leaves with glabrous (smooth) petioles 

ie and 96 red-clover plants of my collection had petioles that were 

hirsute. Five clover plants in one hundred had blotched leaves and 

95 were unblotched. This descriptive presentation of the statistical 

study of one hundred red clover plants has been adopted instead of 

the tabular form to save the cost of the printing of the accumulated 

data in the form of a table. 

CLOVER HABITATS AND GROWTH FoRMS. 

The various habitats described with reference to the species of 

clover found growing in them were taken from the descriptive labels 

of the herbarium sheets found in the herbarium of the Botanical 

Department, University of Pennsylvania, the Academy of Natural 

Sciences of Philadelphia, the U. S. National Herbarium, Washington, 

D. C., the New York Botanical Gardens, and Kew Gardens, London, 

England. The habitats are arranged beginning with the hydrophytic 

ones and ending with the driest, most xerophytic ones. 

Wet Places—Trifolium amplectens (California), anodon (Cali- 

fornia), arizonicum (California), barbigerum (California) ; bolanderi 

(California), cyathiferum (California, Oregon), harneyensts (Ore- 

gon), howellis (Oregon), megacephalum (Oregon), melananthum 

(California), microcephalum (Washington), oreganum (Washing- 

ton), pauciflorum (Washington), pedunculatum (Oregon), rydbergit 

(Montana), scabrellum (California), splendens (California), trun- 

catum (California), variegatum (California). 

Salt Marsh Edge —Trifolium flavulum (California). 

Gravelly River Bar—Trifolium heterodon (Washington). 

Meadows.—Trifolium andrewsis (California), beckwithi (Ore- 

gon), harneyensis (Oregon), involucratum (Washington), longipes 

(California), macres (California), monanthum (California), plu- 

mosum (Idaho), polydon (California), reflexum (Arkansas), rusbys 

(California), spinulosum (California), tridentatum (California), 

triste (California), wormskioldii (California). 

Pampas.—Trifolium matthewsii (Argentina). 

Prairies. — Trifolium altissimum (Washington), amphianthum 

(Texas), bejariense (Texas), carolinianum (Texas), douglass 

(Washington), pauciflorum (California). 
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Open Gravelly Mountain Slopes.—Trifolium virginicum (West 

Virginia). 

Rocky Woods.—Trifolium aureum (Maryland). 

Calcareous Bluffs —Trifolium mexicanum (Mexico). 

Pine Woods.—Trifolium barbigerum (California), microcepha- 

lum (California), microdon (California), splendens (California), 

stenophyllum (California), subcaulescens (Colorado), trichocalyx 

(California), vartegatum (California), wormskioldw (California). 

Big Tree Groves.—Trifolium breweri (California). 

Alpine —Trifolium alpinum (Switzerland, Tyrol), amabile (Bo- 
livia, Mexico), attenuatum (Colorado), badium (Pyrenees, France), 

bracteolatum (Colorado), brandeges (Colorado), burchellianum (Af- 

rica), caudatum (Phrygia), chilense (Bolivia), calocephalum (Af- 

rica), dasyphyllum (Colorado), gemniflorum (Colorado), haydent 

(Montana), snvolucratum (Mexico), lividum (Wyoming), montan- 

ense (Montana), nanum (Colorado), noricum (Carniolia), pallescens 

(Switzerland), parryi (Colorado), petrophilum (California), poly- 

stachyum (Africa), salictorum (Nevada), saxatile (Switzerland), 

schiedeanum (Mexico), semipilosum (Africa), subrotundum (Af- 

rica), stenolobium (Colorado), thali (Pyrenees). 

The growth forms given on the labels of the herbarium sheets 

and also noted when the clovers were studied are: 3 

Dwarf Alpine Plants with Large Tap Root.—Trifolium amabile 

(Bolivia), andinum (Wyoming), anemophilum (Wyoming), bar- 

bigerum (California), bolanders (California), bracteolatum (Colo- 

rado), chilense (Bolivia), dasyphyllum (Colorado), lividum (Wy- 

oming), nanum (Colorado), pallescens (Switzerland), salictorum 

(Nevada), scariosum (Montana, Wyoming). : 

Dwarf Rosette —Trifolium andersontt (Nevada), bolanderi (Cal- 

ifornia), gymnocarpum (Wyoming), virginicum (West Virginia). 

Open Woodlands and Prairies —Trtfolium stoloniferum (United 

States). 

Grass S teppes—Trifolium acaule (Africa), simense (Africa). 

Mesas.—Trifolium aciculare (California). 

Sand Beaches.—Trifolium alexandrinum (Syria), fucatum (Cali- 

fornia), heterodon (Washington), macrei (California), maritimum 
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(England), repens (New Jersey), tomentosum (Island Porto Santa), 
wormskioldii (California). 

Desert—Trifolium gracilentum (California). 

Pedregal.—T rifolium willdenovii (Mexico). 

Prostrate Mats—Trifolium gracilentum (California), melanan- 
thum (California), resupinatum (Madeira), variegatum (Cali- 
fornia). 

Prostrate Xerophytes.— Trifolium depauperatum (California), 

piluliferum (Palestine). 

GENERAL GEOGRAPHICAL DISTRIBUTION. 

One fact which impressed the writer in the study of the clovers 

(Trifolium) at the Herbarium of Kew Gardens, London, England, 
in July, 1907, was the large number of species found in California, 

Oregon, Washington (Pacific North America), and in Palestine and 

Syria in the near east. In both cases the countries rich in clovers 

face western oceans, Palestine and Syria facing the Mediterranean 

Sea, and California, Oregon, and Washington the Pacific Ocean. 

“Orient” in the enumeration given below probably means the near 

east, and if the six North African species are deducted, as represented 

_ in the Kew Herbarium, there are 85 species from the orient. There 

are 14 species of clovers given in the second edition of Britton and 

Brown’s “Illustrated Flora,” and in the second edition of Small’s 

“Flora of Southeastern United States” 3 species not given for the 

northern states, making 17 species in all. Seventeen species deducted 

- from the number of North American species (86) in the Kew Her- 

barium gives 69 species as the number in Western North America, 

supporting in a general way the statement above, as to distribution in 

countries facing western oceans. The following numbers are derived 

from a list of clovers made while at Kew, and, although not complete, 

they are an indication in an approximate way of the numbers of 

species of Trifolium in different countries of the world: North Afri- 

can and Orient (91) ; North African (6) ; Northern Asia (7) ; China 

and Japan (3); India, Malaya (3); India (2); Australia, New 

Zealand (4); Tropical Africa (20); South Africa (14); North 

America (86) ; Central America (9); East Tropical South America 
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(8) ; West Tropical South America (1) ; Temperate South America 

* tay: . 

SLEEP MovEMENTS OF CLOVER LEAVES. 

Pfeffer in his “ Untersuchungen tiber die Entstehung der Schlaf- 

bewegungen der Blattorgane,” Leipzig, 1907, does not undertake to 

investigate the clovers, although they provide more available material 

than Albizzia lophantha, Mimosa Spegazzini, Phaseolus, Lourea ves- 

pertilionts, Mimosa pudica, Impatiens parviflora, and Siegesbeckia 

orientalis investigated experimentally by him. 

The gross morphologic movements are of interest (Plates D, E). 

The following species of clovers grown experimentally by the writer 

move their terminal leaflets into a flat vertical position in their nycti- 

tropic movements: Trifolium alpestre, arvense, dubium, elegans, fili- 

forme, glomeratum, incarnatum, maritimum, minus, pannonicum, 

pratense (mammoth), pratense X pratense XX medium, reflexum, 

resupinatum, rubens, spinosum. 

A few clover leaflets move so that the terminal leaflet is erect, 

but folded somewhat inwardly along the midrib. Such are hybridum, 

ochroleucum, pratense, pratense (old), and subterraneum. In these 

two cases the lateral leaflets move upward and inward so that their 

surfaces are applied together, the leaflets standing vertically as the 

figures clearly show. The following species of Trifolium show the 

terminal leaflets bent forward out of the vertical through an angle of 

10° to 30° from the vertical: alexandrinum, angusttfolium, cernuum, 

elegans, hybridum, incarnatum, johnstons, leucanthum, medium, per- 

reymondt, reclinatum, striatum, tridentatum. 

In Trifolium cernuum, elegans, medium, repens, perenne, the 

terminal leaflets are folded along their midribs, so that their leaflets 

overlap the two lateral leaflets which stand vertically and lie parallel. 

In T. montanum, repens (old), repens perenne, scabrum, the 

terminal leaflets are nearly horizontal, forming almost an angle of 

go° with the vertical. The positions of the leaflets in T. agrarsum, 

aureum, badium, bocconi, campestre, patens, procumbens, stellatum 

are different from the other species and are not suggestive of sleep 

movements. Whether the nyctitropic positions assumed in these 

clovers are due to experimentally unhealthy plants, future study of 
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them alone will reveal. The terminal leaflets of Trifolium lupinaster 
_ and reclinatwm bend backward out of the vertical instead of forward. 
The accompanying 62 drawings will demonstrate better than words 
the actual position of the leaflets in the various clovers during 
nyctitropism (Plates IV, V). 

EXPERIMENTAL Curves oF Nycritropic CLoverR LEAVES. 

The elaborate and rather costly piece of apparatus used by Pfeffer 
in his work, described and figured in Chapter II. of his work, was 
replaced by a simple home-made piece of apparatus (kymograph) 
consisting of a tin tomato-can mounted on an alarm clock with works 
altered to suit the conditions of the experiments. The tomato-can 
cylinder with registering paper was made to revolve once in two days 

instead of once every twelve hours by changing the motion of the 

bar turning the hour hand of the clock. The recording lever was 

‘poised on a fulcrum fastened to a cork pushed into the mouth of a 

test tube, which was then attached to the arm of a tripod, on the pan 

of which the potted clover plant was placed. A fine thread was 

attached to the clover leaflets by a thick solution of shellac and to the 

short arm of the registering lever. The long arm of this lever being 

twice as long as the short arm, the movements were thus magnified 

twice. The downward movements of the leaflets were transmitted 

into upward movements of the far end of the lever which traced the 

curve of movement on the glazed paper, which was covered with a 

coating of carbon by holding over a yellow gas flame after being 

placed on the cylinder. The curves represented in the accompanying 

figures were obtained in this way and were made permanent records 

by passing the blackened paper through a solution of shellac in 95 

per cent. alcohol. 

Fifty-five records were taken during the course of the experi- 

ments with the kymograph. The species of Trifolium, the move- 

ments of the leaflets of which were traced by curves, were as follows: 

I, resupinatum; 2, subterraneum; 3, incarnatum; 4, pannonicum, 5, 

elegans; 6, reclinatum; 7, alpestre ; 8, spwmosum, 9, leucanthum, 10, 

tridentatum; 11, pannonicum,; 12, lupinaster; 13, pratense; 14, al- 

pestre; 15, hybridum; 16, medium; 17, elegans; 18, balanse; 19, 
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stellatum; 20, filiforme; 21, rubens; 22, dubium; 23, ochroleucum; 

24, minus; 25, angustifolium,; 26, elegans; 28, alexandrinum; 29, in- 

carnatum ; 30, striatum, 31, reclinatum; 32, patens; 33, maritimum; 

34, rubens ; 35, campestre ; 36, maritimum, 37, cernuum, 38, bocconi; 

39, hybridum (old); 40, agrarium (mature); 41, glomeratum; 42, 

incarnatum; 43, pratense mammoth; 44, pratense (old); 45, repens . 

(old) ; 46, repens var. macrorhiza; 47, johnstoni; 48, pannonicum; 

49, ochroleucum,; 50, reclinatum; 51, procumbens; 54, reflexum; 55, 

pratense X pratense X medium; 56, badium; 58, perreymondi; 59, 

arvense ; 60, aureum,; 61, scabrum,; 62, repens perenne; 63, agrarium 

(young).? Not all of the records are good. Some of them are in- 

complete owing to the stoppage of the driving clock, or to the swing- 

ing of the level away from the recording cylinder owing to the dis- 

turbance of the lever stand. Occasionally the thread would break 

loose from the shellac fastening. As a, result of these difficulties, 

some of the records are only part curves, and, therefore, can not be 

considered in the subsequent discussion. Only those records are 

discussed and illustrated which are fairly complete. It was found 

impracticable after the taking of the curve of the first species (T. 

resupinatum) to make the curve of temperature on the same record 

sheet as the curves of the leaflet movements. No attempt, therefore, 

was made to take the temperature in subsequent records. The rela- 

tive humidity was not recorded in connection with the experimental 

study of the plants, nor was the relative amount of sunlight and cloud- 

iness registered. Some changes in the curves of the night period 

suggest that it might have been advisable to have data on the times 

and intensity of the moonlight. The curves which are discussed in 

the following pages may be criticized, as approximations, because no 

record of temperature, humidity, sunlight, and cloudiness were kept 

in connection with them. This criticism is undoubtedly well founded, 

but the several complete curves are given, because they are suggestive 

of the character of the clover-leaf movements and may create enough 

interest for some one else to continue the careful investigation of 

such leaf movements as related to all of the influential environmental 

factors, 

2? The numbers here given apply to the drawings of seedlings (Plates I- 

III) and leaf movements (Plates IV-V). 
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Plant 1, Trifolium resupinatum (June 1 to June 4, 1908).—The 

terminal leaflet was attached to the string at 8 A.M., June 1. The 

curve was fairly level until the middle of the afternoon, when it began 

to rise with the approach of darkness. The steepest part of the 

curve was reached during the night, gradually sloping downward 

until morning. Some irregularities in the curve are noticeable on 

June 2. These may be due to cloudiness, for other records show that 

an overcast, or heavily clouded sky, causes the rise of the curve. 

This is especially noticeable on June 3, for there is a sharp rise after 

the depression of the morning. The sharp bumps in the curve of 

Trifolium resupinatum indicate the nyctitropic movements of the 

leaflets. The curve of Plant 2, T. subterranewm, demonstrates the 

same response of the terminal leaflets. There was a steady rise on 

June 3 in the afternoon, followed by a steep depression until night- 

fall, when the up curvature during night becomes a marked elevation, 

followed by a gradual depression until 9 A.M. on the following day, 

June 4. 

Plant 9. Trifolium leucanthum (Plate V).—Experiments with 

this plant were started at 8 A.M. on June 2. The curve shows an 

upsweep in the forenoon, followed by a downward curvature in the 

middle of the day. At 3.20 P.M. we note a steep elevation, then a 

drop with a steep rise to 6.15 P.M., succeeded by a sharp drop of the 

curve and its reélevation during the night. The curve taken on 

June 3 shows minor oscillations of the lever during the day and a 

sharp rise at 6 P.M. for the night. With the approach of day the 

curve drops uniformly until 8 P.M., when it rises slightly, dropping 

again at 9 A.M. 

Plant 14, Trifolium alpestre—This plant gave a curve which 

started at 11.20 A.M., June 4. It shows a uniform rise to the middle 

of the afternoon, then a drop and a sharp rise at nightfall. On the 

morning of June 5 there is a uniform drop of the curve with some 

oscillations until 3 P.M., when it begins to rise. 

Plant 17, Trifolium elegans (Plate V).—The curve of leaf move- 

ments in this clover shows a gradual rise from the noon hour to late 

afternoon, with a sharp upward curvature at night, followed by a 

PROC. AMER. PHIL. SOC., VOL. XLI, K, AUG, 31, 1922. 
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depression the following day, June 5, and a sharp rise to the night 

position at 6 P.M. 

The morning of June 6 showed a gradual downward movement 

of the curve until 9 A.M. 

Plant 39, Trifolium hybridum.—A mature plant in flower gave a 

curve with a sharp valley and peaks. Starting at 12 M., June 10, it 

shows a sharp angular drop to 3 P.M., then a sharp rise and as sharp 

a depression during the late afternoon. After nightfall there was a 

precipitous rise during the night, then a sharp drop and a rise until 

about 10 A.M. on June 11. The curve then took a drop to noon, 

when it began to rain, and a sharp rise to the late afternoon, when it 

probably cleared. At 6 P.M. it made a steep up curvature during 

the period of night. 

Plant 40, Trifolium agrarium (an old plant).—A lateral leaflet 

was tried, so that its curve does not correspond in general with the 

curves taken for the terminal leaflets. Starting at 11 A.M., June 12, 

we find the elevation of the curve is followed by a steep depression 

until 6 P.M., when the curve remains nearly horizontal until the next 

morning, when it rises rapidly to 9 A.M., followed by a depression 

until 3 P.M., when there is a rise to 6 P.M., and then a gradual fall. 

Plant 42, Trifolium incarnatum (Plate V).—The curve of the 

crimson clover is fairly constant with an almost level depression dur- 

ing the day of June 10, a rounded elevation during the night, a de- 

pression with a sharp hump in the early morning of June 11 before 

9g A.M., followed by a depression and a small rise after 12 M., when 

it began to rain. At 6 P.M. the upward movement of the curve for 

the night period is observable. 

Plant 45, Tréfolium repens.—An old mature plant in flower was 

studied as to the movements of the terminal and lateral leaflets. The 

curve for the terminal leaflet rose from 11 A.M., June 12, during the 

afternoon with a sudden downward movement to 6 P.M. The night 

period was characterized by a steep upward curvature followed by a 

drop during the small hours of the night, and a sharp rise before 

9 A.M. on June 13. It is such a sharp rise which leads one to 

suspect that moisture may be a controlling factor. A rise of the 

curve to 3 P.M. is observable, and then a gradual downward curva- 
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ture to 6 P.M., when an upward movement is seen. The curve of 

the lateral leaflet of No. 45 is generally up during day and down 
during the night, with a steep downward gradient as the hour of 

_ sunrise is approached, with a sharp upward curvature in the daylight 

hours of the morning to 9 A.M. on June 11, then with a rainy morn- 

ing, a downward movement is seen with an upward turn in the early 

afternoon. 

Plant 48, Trifolium pannonicum (Plate V ).—The middle leaflet 

of the compound leaf of this plant was connected with the kymograph 

at 11 A.M., June 12, with an oscillating movement of the curve down- 

ward to nearly 6 P.M., when the upward curvature during the night 

is clearly traceable. Daylight of June 13 shows a valley-like depres- 

sion with sharp irregularities and a strong upward turn at nightfall. 

The same valley-like trough of the curve appeared for the daylight 

period of June 14, with a sharp rise on the afternoon of that day. 

Such sharp oscillations are inexplicable unless they are due to vari- 

ations of temperature or humidity of the air. An inspection of the 

several curves in the accompanying plate will give a more adequate 

idea of the movements of the long arm of the recording lever. The 

above description will serve to draw attention to the more important 

- features of the curves. 

The writer desires to acknowledge the help given by Professor 

E. B. Ulrich in the arrangement of the details of the kymograph used 

in the experimental work. The kymographs used in the study of the 

clovers are essentially like the ones used by Professor Ulrich in his 

study of the “ Leaf Movements in the Family Oxalidacez,” published 

as a thesis* in part fulfillment of the requirements for the degree of 

Doctor of Philosophy at the University of Pennsylvania, received 

June, 1910. 

EXPLANATION OF FIGURES OF THE SIX PLATES. 

(Pirates I-VI.) 

I. resupinatum. 5. elegans. 

2. subterraneum. 6. reclinatum. 

3. incarnatum. 7. alpestre. 

4. pannonicum. 8. spumosum. 

8 Contributions from the Botanical Laboratory, University of Pennsylvania, 

III. : 211-242. 
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. leucanthum. 

. tridentatum. 

. pannonicum. 

. lupinaster. 

. pratense. 

. alpestre. 

. hybridum. 

. medium. 

. elegans. 

. balanse. 

. stellatum. 

. filiforme. 

. rubens. © 

. dubium. 

. ochroleucum, 

. minus. 

. angustifolium. 

. elegans. 

. balanse. 

. alexandrinum. 

. ncarnatum. 

. striatum. 

. reclinatum. 

. patens. 

. maritimum, 

. rubens. 

. campestre. 

. maritimum, 

UNIVERSITY OF PENNSYLVANIA, 

PHILADELPHIA, Pa, 

37: 
38. 

39. 

44. 

cernuum. 

boccont. 

hybridum (old mature plant). 

. agrarium (old mature plant). 

. glomeratum. 

. incarnatum. 

. pratense (mammoth). 
pratense (old mature plant). 

. repens (old mature plant). 

. repens var. macrorhiza. 

. johnstoni. 

. pannonicum, — 

. ochroleucum. 

. reclinatum. 

. procumbens. 

. rubens. 
montanum., 

. reflexum. 

. pratense X pratense XK medium. 

. badium. 

. pratense (mammoth). 

. perreymondi, 

. arvense. 

. aureum. 

. scabrum. 

. repens perenne. 

. agrarium (young). 
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THE FAEROE LANGUAGE. 

By J. DYNELEY PRINCE. 

(Read April 20, 1922.) 

The Faeroe Islands (Sheep Islands), consisting of some twenty- 
one isles, situated nearly half way between Iceland and the Shetlands 
at the intersection of 7° E. and 62° N., have an area of approxi- 

mately 511 square miles and a population of over 18,000. The in- 

habitants are all of Norwegian descent, their settlement dating from 

about the beginning of the ninth century, when the first emigrant 

from Norway, Grim Kamban, came to the Faeroes to escape the 

exactions of the militant Norwegian king, Harald Haarfager. Ac- 

cording to tradition, there was a colony of Irish and Scottish monks, 

probably Culdees,* on Suderoy,? when the first Norsemen arrived. 

These ascetics were driven out almost immediately and the settlement 

became exclusively Scandinavian. The islands were transferred from 

Norway to Denmark in 1386 and Denmark’s possession was con- 

firmed by the Peace of Kiel in 1815. The Faeroes are now reckoned 

as an integral part of Denmark, rating as an Amt (governmental dis- 

trict), with, however, a local parliament (Lagting) consisting of an 

Amimand (district governor) and nineteen other members. This 

body elects one representative to the Upper House (Landting) of the 

Danish Parliament (Rigsdag), while the Faeroe electors choose by 

direct vote one representative to the Danish Lower House (Folke- 

ting). The capital town of the Faeroes is Thorshavn. 

Of late, there has arisen upon the Faeroes a very energetic lin- 

guistic movement. aiming to elevate the local idiom to the rank of a 

1 The Irish name is Céle Dé “ Comrade of God” and seems to have been 
used to indicate early Gaelic anchorites whose chief establishments were in 

Scotland during the 12th century. They were undoubtedly in Iceland before 

the early Norse occupation there in 1000 A.D., whence they fled, leaving no 

trace save a few place-names (cf. W. Reeves, The Culdees of the British Is- 

lands (Dublin, 1864) ; W. F. Skene, Celtic Scotland (1876-1880), Vol. II.; W. 

Beveridge, Makers of the Scottish Church, 1908. See also J. Jamieson, His- 

torical Account of the Ancient Culdees, 1811). 

. 2 The southern island of the Faeroe group. 
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by the recent declaration of the independence of Iceland (1918). The 

Faeroe movement, however, is not a political one, as there are few 

if any persons in the islands who desire a “ national” existence apart 

from Denmark. The activity should rather be compared with the 

Welsh language movement in Wales and Monmouthshire. In the 

Faeroes the tendency is to crystallize the language by taking the most 

characteristic elements of the two most important dialectic groups— 

i.e., the northern and the southern—and consolidating them into a 

“language,” which shall form a standard for the whole group. It is 

perhaps unfortunate for this purpose that the orthography of the 

older literary Faeroese Norse, whose chief monument was the Fae- 

reyinga Saga (translated by F. Yorke Powell, London, 1896), is 

essentially that of Icelandic, while the actual modern Faeroese pro- 

nunciation differs so widely from that of modern Iceland that Faerings 

and Icelanders are today mutually unintelligible. In spite of this 

fact, however, conservative Faering scholars insist upon retaining 

the earlier impracticable spelling. .A new orthography was promul- 

gated in 1895 by the Foringafelag (Faeroe Society), but this system 

is far from satisfactory from a phonetic point of view. At the 

present day, a new school has arisen which is inclined to spell almost 

entirely in accordance with the actual utterance of the people, but 

their system is not followed, for example, by the local newspaper 

Thingakrossur.* A striking parallel to this state of affairs may be 

seen in the stereotyped archaic spelling of the modern Gaelic, observed 

both in Ireland and Scotland, which quite ignores the real modern 

phonetics of the spoken dialects. 

It is quite apparent that the Faeroese phonetics have suffered much 

from contact with Danish, which is phonetically very degenerate, even 

when compared with the Norwegian-Danish pronunciation of the 
same language. The Norwegians utter almost every consonant 
clearly and have not marred their idiom with the Danish glottal catch, 

8 See bibliography in this article. 
*A word indicating the cross which in former times was sent from house 

to house, to summon the men to the Thing (law-making assembly). This 
paper is rather radical, but very mildly so from the present European point 
of view. The conservative organ is Dimmalaetting ‘the lifting of the dark- 
ness.’ 
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save in one south Norse dialectic group. This sound, which consti- 

culture language,* a tendency which has undoubtedly been stimulated 
tutes such a difficulty for strangers who wish to acquire the genuine 

Danish utterance, has not penetrated the Faeroe language to any 

extent,® although this vernacular has lost much of its original strength 

through the disappearance of consonants. Many Danisms have crept 

into the vernacular, but the purist school is now trying to eradicate 

and replace them by older expressions. Faeroese, like modern Ice- 

landic, has no distinctive tones, which play so prominent a part both 

in Norwegian and Swedish. 

I am indebted for almost all the material embodied in the follow- 

ing brief sketch to Miss M. E. Mikkelsen, a Faeroese lady now resident 

in Copenhagen, who has been kind enough to give me the phonetics 

of her native idiom and to sing for me several of the characteristic 

ancient songs, one of which has been reproduced at the end of this 

article. There is a small colony of Faerings in Denmark proper, 

chiefly students at the Copenhagen University, who keep up their 

island idiom and character as far as possible. 

The following extracts in both the accepted spelling and its 

phonetic equivalent (with translation) will serve to illustrate the chief 

differences of pronunciation existing in the modern use. The rules 

for pronouncing the current orthography may be tabulated thus: 

VoweELs: a; very flat as ae—a in ‘hat’; doh, when short; 

when long = oh-a, a harsh diphthong ; e=e when short; when long = 

ae=a in ‘hat,’ a sound well represented by G; ¢ and y as i in ‘pin’; 

i and y as ui (007), in some dialects as iii; 0 as o in ‘smock,’ some- 
times as 6; 6 as Eng. long 0, sometimes contracted to e or even 0; 

“ as Eng. 00 in ‘foot’; % as Eng. u in ‘mute’; ae as flat a in ‘hat’ 

in short syllables, but as da in long syllables, something like the Cana- 

dian diphthongal pronunciation of ‘man’ (mdan); 6 as Germ. 0, 

open in short syllables and closed in long syllables. 

Consonants: dj and gj as Eng. j;° dh’ is never pronounced as 

th in ‘this,’ as it occurs in mod. Icelandic, but is uttered as y when 

5It seems to appear in such pronunciations as fd‘lk ‘ people.’ 

6In some dialects as palatalized dy. 

7 The combination dh is used throughout this paper, owing to the diffi- 

culty of obtaining the Icelandic character representing this sound. 
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it precedes i, except when u, % and 6 precede the dh, in which case 

dh is pronounced like v, as godhir=govir, but lidhur=luiyur. Dh 

is always wv before u, unless i, 7, y, ¥, ei, ey, oy precede dh, as 

madhur = mavur ‘man’; mudhur = muvur ‘ mother,’ with which cf. 

Cockney muvver. Dh is silent in combinations when it occurs be- 

tween two vowels other than those mentioned and when it is in com- 

bination with another consonant or in the Auslaut. Note that the 

hard th sound as in ‘think’ has disappeared in F., where it is now 

replaced by t, as tadh ‘that,’ pr. t@a@==Icel.® thadh. 

G is hard except before e, 7, y and ey, when it—Eng. j. G is 

silent between two vowels changing to y or v, as siga= stya ;.dagur = 

davur. Gj always=Eng. j. 

Hv= kv, with which cf. Icel. hu khw. 

K is hard except before e, i, y, ey, when it Eng. ch. Kj always 

= Eng. ch. 

L is very soft, as in Russian soft 1. Ll=ddl. Ng is always as 

in ‘finger,’ never as in ‘singing.’ Nn after a diphthong sounds like 

ddn, otherwise as nn. JF is always trilled except before ¢ (-rt), when. 

it is pronounced -rst. Note that in Mod. Icel. final -r is.always -rs.? 

Rn=ddn, but in some words==rn, which must be learned by prac- 

tice. Sj and stj—=Eng. sh. Single s is always hard as in ‘this.’ 

Tj=Eng. ch. 

DIPHTHONGS: ei ai (¢ in ‘hide’), never as in Icel. ey (ay in 

‘may’). Ey=ei (Eng. ay in ‘may’); oy==o1 (oy in ‘ boy’). 

PHONETIC SPECIMENS. 

I. Faeroe “ National’ Song.'° 

Eg oyggjar veit sum hava fjoll I know isles which have moun- 
E oydshar vait sum haeava fyddl 
Og grona lidh. tains and green hill-sides. 
O gréena lui . . 

Og taktar eru taer vidh mjoll And are covered with fine snow 
O taktar erre taear vi myodl 

8In this article “Icelandic” always indicates the modern language. 

® This rs is exactly the same sound as in the Osmanli Turkish final r, and 

closely resembles the Czech r (= rz) pronounced together. 

10 Songbok, p. 2 (see Bibliography). 
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Um vetrartidh in winter time. 
Um vetrartus, —_ 

Og air renna vakrar har And streams flow beauteous 
O oayir raenna vaeakrar haear 
Og fossa nogv. And water-falls enough. 
O fohssa naegv (or nogv). 
Taer vilja allar skunda saer These wish all to hasten into the 
Taear vilya adlar skunda saear 
I blaan sjogv. blue sea. 
Ui bloan shaegv (or shogv). 
Gud signi mitt fodhiland Foroyar’ God bless my fatherland the Fae- 
Gud signeh muit foeyeland For- 

yar roes. 

II. Folktale in Suderoy Dialect. 

Eina ferdh for Palin undir Hamri it Sunnbé til Vikar at taka sjey 
Aina fer fohr Polin ondir Hamri ui Sumbé til Vuikar at taka she 
One time went Paul from under H. in Sumbé to Vikar to get for 

himself 

gimbralomb, sum hann dtti har. Hann hevdhi fingidh seks, sum hann 
setti 

dshimbralomb, sum han otte haear. Hann heyi finggi seks, sum hann 
setie 

a ewelamb, which he owned there. He had got six, which he put 

4 stodhukronna, og seint var & degi td idh hann for ettir ti sjeynda. 
us stoukrohna, o saint vaear oa deyi toa ui hann fohr ettir ts sheynda. 
in the fold, and it was late in the day before he went back after the 
seventh. 

Ikki fekk hann tadh firr enn stj6dna var uppkomin. Til alla vanlukku 
Itshi fekk hann taé firr enn shédna vaear upkomin. Til adla vanlo‘ku 
He did not get this one before the stars were up. Most unhappily 

gaadhi hann ikki um? firr enn hann var kominn vael 4 veg at tadh var 
goays han itshi um firr enn hann vaear komin vel oa ve at tad vaear 
he did not discover before he had come well on his way that that 

one was 

gsmburlamb hann var faridh vidh. Tey gomlu hovdu ta pdtrugyv at 
var tadh 

11 Faeréske Folkesagn, pp. 49-50 (see Bibliography). The phonetics are 

as given by Miss Mikkelsen and the translation is by myself. 

12 Lit. ‘go about a thing’ =‘ discover it.’ 



156 PRINCE—THE FAEROE LANGUAGE. 

dshimburlamb hann vaear fari vi. Tey gomlu hoddu ta poatrukyv at 
vaear ta 

a ewelamb he had started with. The ancients had the superstition that 
were it _ 

seint & degi og fleirs lomb ettir at bera, so atti vedhurlambidh at vera 
saint oa deyi o flairs lomb ettur at be-era, so otte vevurlambi at ve-era 
late in the day and many lambs were to be carried, a ramlamb ought 

to be 

tikidh,® og gimburlambidh at vera ettir, ti ¢ vedhurlambsstiklinum sat 
titshi, o dshimburlambi at ve-era ettir, tui ui vevurlambsstiklinun 

saeat - 

taken, and the ewelamb to be left behind, because taking a ramlamb 
meant 

nabadh idh dugdi iméti gandi, og so kandi huldufolk ikki faa vald a 
emum 

naka ui dudde imo-uti gandt, o so kunde hulduf6‘lk ttshé foa vald oa 
ainun 

something which worked against witchcraft and so the fairies could 
not get power over one 

4 

(tey gomlu boru ti ofta vedhurlambsstikl vee a 
vardh'* 

(tey gomlu boru tui. ofta vevurlambsstikl uppe oa saear). Honun 
vaear 

(the ancients often undertook this carrying ramlambs). He became 

saer). Honum 

illa vidh, ta tdh hann varnadhist um hetta, men ovseint var at 

idla vi, toa ui hann vadnayist um hetta, men oasaint vaear at 
angry, when he discovered about this, but it was too late to 

venda attur. Hann gongur vidh hessa godha lambi og er ikki varigur 
venda attur. Hann gonggur vi hessa goa lambi o er stshé variyur 
turn back. He goes on with this good lamb and is not aware 

vidh nakadh slag, 
vi naka slaea, 

of any attack, 

firr enn hann kemur heim t Akslarenda. Ta métir honum ein grak- 
laeddur 

13 Palatalization, so characteristic of this dialect, is the chief cause of sg 

being incomprehensible to Icelanders. 

14It is strange to see no difference in pronunciation between var ‘was’ 

and vardh ‘became’; both =‘ vaer,’ 
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firr enn hann tshemur haim ui Akslarenda. Toa motir honun ain 
_groakladdur 

until he comes to Akslarenda. Then meets him a grey clad 

madhur sum fordhar honum vegin og ger seg inn & hann. Bédhir at 
berjast. 

mavur sum forar honun vehgyin o dsher se inn oa hann. Boayir at 
beryast. 

man who stops him on the road and attacks him. Both fight. 

Heidhin (ti huldumadhur var tadh) baesir hinum kristna oh ber 
hann so 

Haiyin (tui huldumavur vaear téa@) baeasir hinun kristna o be-er 
hann so 

The heathen (for the fairyman was that) beats this Christian and 
bears him 

hadhan i Meraklettar a Beinisvéri, taett vidh eggina, har sum teir 
heyan ui Merakiettar oa Beinisvéré taeatt vi edshina haear sum tair 
hence to Meraklettar on Beinsvér near the bray there where they 

siga t Sjorgunshals ettir fugli. 
suiya us Shorgunshals ettir fugle. 
let down ropes after birds at Shorgunshals. 

Kvoldidh lidhur og eingin madhur kemur attur til hisa. Naesta 
Kvoldi luiyer o aindhsin mavur tshemur attur til hiusa. Naeasta 
The evening comes and no man comes back to the house. Next 

méorgun for folk tir hverjun hiss til at leita. Tey finna lambidh og 
stavin 

mohrgun fohr folk iur kveryun hiuse til at laita. Tey finna lambi o 
 -stavin 
morning went the folk out of every house to search. They find the 

lamb and the staff 

kjé Palin heiman firi Akslarenda og geva so ivir at leita. Stutt ettir 
tshoa Polin haiman firi Akslarenda o dhseva so ivir at lasta. Stutt 

ettir 
of Paul near the house at Akslarenda and so cease to search. Shortly 

afterwards 

berst Pdlin i dreymi firs konu sina, bidhur hana ikki leita saer og sigir 
berst Polin us dreymi firi konu suina, biyur hana étshi laita saear o 

siyir 
appeared Paul in a dream to his wife, begs her not to search for him 

and tells 

PROC. AMER. PHIL. SOC., VOL. XIL, L, AUG, 30, 1922. 
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henni fré dllum sum til hevur borist vidh saer—at hin heidhni hevur 
henni froa é6dlun sum til hevur borist vi saear—at hin hains hevur 
her about all which had happened to him—that that heathen has 

tikidh og boridh seg i Meraklettar. Seimt a4 sumrs funnu neytakonur 
titshi o bori seh us Meraklettar. Saint oa sumri funnu nehtakonur 
taken and carried him to Meraklettar. Late in the summer found 

the milk- 

mannin deydhan titi 4 Floum, blodhnaknan og bdadhar iljaskégvarnar 
mannin dehyan iuti oa Floun, blohnaknan o boyar idjaskohgvarnar 
ing women the man dead out on Fléun, stark naked and both (his) 

foot-soles 

brendar ‘undir honum, Bédh var sent attur til hisa og hann vardh 
fordhur 

brendar ondir honun. Boh vaear sent atiur til hiusa o hann vaear 
forur 

burned under him. Word was sent back to the house and he was 
fetched 

heim og grivin. 
haim o grivin. 
home and buried. 

GRAMMATICAL SKETCH. 

The following paradigms will illustrate the declension of the in- 

definite adjective with the noun and the definite article with adjective 

and ‘oun, all in comparison with the similar modern Icelandic de- 

clensions : 

INDEFINITE ADJECTIVE. 

Faeroe (phonetic). Icelandic.*® 

N. govur mavur godhur madhur ‘a good man’ 
G. (gohs mans) godhs manns 
D. govum manni godhum manni 
A. govan mann godhan mann 

15 The modern Icelandic phonetics are as follows: a as in ‘father’; e as 

in ‘met’; i as in ‘pin’; 0 as in ‘more’; y as 7 in ‘pin’; e==7 in ‘pine’; 6 

as i in ‘sir’; @ as. ow in ‘how’; é as ee in ‘meet’; 6 as ow in ‘blow’; # as 

oo in ‘fool’; u as French u; y as ee in ‘meet’; dh=th in ‘this’; medial 

f=v, except in connection with another consonant when it=b); h is always 

breathed, even before j (hj) and k (hu=khv); j=cons. y; I is very soft, 
but 1} = ddl; nn=ddn; r final—=almost rs, but =—trilled r in the beginning 

and middle of words; rn=ddn; th=th in ‘think. Icelandic is spoken with 

a curious whispering tone, quite unlike Faeroese. 



PRINCE—THE FAEROE LANGUAGE. 

Pl. N. govir menn 
bili 

- govum monnum?® 

159 

godhir menn 
godhra manna 
godhum ménnum 

4 govar menn godha menn 
N. go kona godh kona ‘a good woman’ 
G. (gorar konu) godhrar konu 
D. govari konu godhri konu 
A. gova konu godha konu 

Pl. N. govar konur godhar konur 
G. (gora kona) godhra kvenna 
D. govum konum godhum konum 
A. govar konur godhar konur 

N. gott badn gott barn (pr. badn) ‘a good 
child’ 

G. (gohs badns) godhs barns 
D. govum badni godhu barni 
A. gott badn gott barn 

Pl. N. go bédn godh born (pr. bédn) 
_G. (gora badna) godhra barna 
D. govum bidnum godhum bornum 
A. go bidn godh born 

DEFINITE ARTICLE PREFIXED AND SUFFIXED WITH WEAK ADJECTIVE 

AND Noun. 

Faeroe (phonetic). Icelandic. 

N. hin goyi mavur-in hinn godhi madhur (-inn) ‘the 
good man’ 

G. (hins gova mans-ins) hins godha manns ( eamelatns) 
D. hinum gova manni-num hinum godha manni (manninum) 
A. hin gova mann-in hinn godha mann (manninn) 

Pl. N. hinir govu menn-inir _hinir godhu menn (mennirnir) 
G. (hinna govu manna-na) hinna godhu manna (-na) 
D. hinum govu monnu-num hinum godhu ménnum (monnu- 

num ) 

A. hinar govu menn-ina hina godhu menn (mennina) 
N. hin gova kona-n hin godha kona (-n) ‘the good 

woman’ 
G. hinar govu konunnar hinnar godhu konu (konunar) 
D. hini govu konu-ni hinni godhu konu (konunni) 
A. hina govu konu-na hina godhu konu (-na) 
16 Note the absence of umlaut in F. Note also that the indef. article einn 

is never used in Icel., but often in F. 
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Pl. N. hinar govu konur-nar hinar godhu konur (-nar) 
G. hina govu kona-na hinna godhu kvenna (kvennana) 
D. hinum govum konunum hinum godhu konum (konunum) 
A. hinar govu konur-nar hina godhu konur (-na) 

N. Mitt gova badn-t hidh godha barn (-idh) ‘ the goo 
child’ 

G. (hins gova badns-ins) hins godha barns- (ins) 
D. hinum gova badn-inum hinu godha barni (barninu) 
A. hitt gova badm hidh godha barn (-idh) 

Pl. N. hini govu bédn-ini © hin godhu born (bornin) 
G. hinna govu badna-na hinna godhu barna (barnana) 
D. hinum govu bidn-unum hinum godhu bérnum (boérnu- 

num ) 
A. hini govu béidn-ini hin godhu born (bérnin) 

Here it should be noted that the original genitive has practically 

disappeared in F. colloquial, having been replaced by the analytical 

form with the prep. kjd (tshoa), as hiisidh kjd pabba (hiusi tshoa — 

pabba) ‘the father’s house.’ This tendency is the same as that seen 

in mod. Bulgarian, which has practically discarded all the complicated 

Slavonic case-endings in favor of prepositions. Another new and 

striking form of the gen. in personal names is very much used in the 

Faeroes at present, especially in Straumoy, viz., Yoakups-sar boatur 

‘Jacob’s boat’; Annu sa bouk ‘ Anna’s book.’ As Haegstad remarks 

(Vestnorske Maalfoére, p. 137), this seems to remind the observer of 

the West-Norse gen. with the poss. sin, as Jakob sin baat; Anna si 

bok, but it is really quite different in every respect, as the F. form 

employs the indeclinable sa. This form seems to have its origin in 

the many F. personal names which end in -s in the nom. preceded by 

a vowel, and have a gen. in -ar, of which combination the indeclinable 

sa is probably a corruption. In connection with the above paradigms 

the following facts should be observed: Note in the F. masc. indef. 

adj., the acc. pl. appearance of -ar as compared with Icel. -a. In the 

F. fem. indef. adj., note the insertion of the a-helping vowel in the 

dat. sg. -ari; Icel. -ri. In the F. neut. indef. adj., observe the reten- 

tion of -m in the dat. sg., as -um (pr. -un) ; Icel. w. 

In the F. definite declension, the suffixed article may be and usu- 

ally is retained with the prefixed article hin, hin, hit. This phenom- 

enon occurs also in modern Swedish: den goda(e) mannen ‘the good 
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> 
man.’ In Icel., however, if the definite prefixed article is used, the 

_suffix-may not be employed; thus in F. one may say: hin govi 

mavurin, but in Icel. either hinn godhi madhur or godhi madhurinn. 

Note in the F. def. neuter dat. sg., the -wm (pr. -wn) ending: hinun 

gova badninun, not kept in Icel. and the F. nom. acc. hini govu 

bédnini as compared with Icel. hin and bérn-in. 

In spite of the apparent similarity shown by the above comparison 

between F. and Icel., the difference of the F. phonetics makes this 

dialect phonetically very distinct. This fact may be better illustrated 

by a phonetic comparison between the respective 

PERSONAL PRONOUNS AND NUMERALS. 

Faeroe. Icelandic. Faeroe. Icelandic. 

eg (eh) jeg (jekh) ‘1’ tu thi (hard th) 
min (muin) min tin (tuin) ‘thou’ 
maer (mar) mier (myer) taer (tar) thin 
meg (meh) mig (mikh) teg (tekh) thjer (thyer) 

thig (thikh) 
vit or vaer (var) vidh ‘we’ tit (or taer; pr. thidh*" thyer 

_ okkara (or tar) ‘you’ 
osara) okkar tykkara ykkar ydhar 

okkum (or os) okkur tykkum ykkur ydhur 
okkum (or os) okkur tykkum ykkur ydhur 

hann hann ‘he’ hon hin (huhn) 

hans hans hennar ‘she’ - 
honum | honum henni (henne) _hennar 
hann hann hana henns 

hana 

tadh (taa@) thadh ‘it’ 
tess thess 
ti (tus) thvi 
tadh (tad) . thadh 

Faeroe. 

Masc. Fem. Neut. 

teir (tair) taer (tdar) tey (teh) 

teirra (tatrra) teirra (tairra) teirra ( tairra) 

_teimum (tatmun) temmum. (taimun) teimum (taimun) 

teir (tair) taer (tddr) tey (teh) 

17 The polite form of the 2 p. 
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Icelandic. 

Masc. Fem. Neut. 

their (thehr) thaer (thair) © thos ‘ they’ 
theirra (thehra) thesrra theirra (thehra) 
theim (thehm) therm (thehm) theem (thehm) 
their (thehr) thaer (thair) thoi 

ORDINALS TO TWENTY. 

Faeroe. Icelandic. Faeroe. Icelandic. 

ain ehdn to-ulv télv 
tvair - tvehrs trettan _ threttaun (hard 
tridshir thrirs fyuhrtan th) 
fuira , fyorirs fimtan fydértaun 
fimm fimm sextan fimtaun 
siiks seks sehtshan sextaun 
sheh shi otshan sottshaun (or 
otta autta nuitshan _ setshaun) 
nuidshe niu tshuvu (cf. autshaun 
tuidshu tin Swed. tjugu, nitshaun 
edlivu edlevu pr. tshiigii)  tuttughu 

The F. verbal forms are similar to those of Icel. The variation 

will be apparent from a few examples. 

VERBAL ForRMS. 

Present. Imperfect. 

Faeroe. Icelandic. Faeroe. Icelandic. 

eg renni jeg nem eg rann jeg nam 
tu rennur thi nemur iu rannst ° thi namst 
hann rennur hann nemur hann rann hann nam 

vit renna (or  vidh nemum vit runnu (-m) vidh némum** 
rennum ) 

tit renna (or thidh nemidh tit runnu (-dh) thjer namudh 
rennidh) 

teir renna their nema teir runnu their ndmu 

The subjunctive with its characteristic -i occurs in both idioms, 

as F. pres. sbj. renni for all persons; Icel. naemi, naemir, naemi, 

naemum, naemudh, naemu. 

18 The imperf. pl. form in both dialects takes the o-ablaut whenever pos-, 

sible. 
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It will be observed that F. has lost the inflections especially in the 

_ pres. pl. and throughout the subjunctive. 

Finally in this connection, the following comparison between F., 

Icel., and the “ Norse-Norse” idiom as used today by the extreme 

partisans of “true Norwegian” in Norway may prove of interest.?® 

F. hikk at kottinum ; hann er heidur luiti duir, myukhdardur léafottur 
I. littu au kottinn; hann ers fremurs litidh dirs, myukhairdhur laug- 

fatturs 
N. sho po katten; han er ain heldur lite diir, myukhddard lohgfétt 
Look at the cat; he is a rather little animal; soft-haired, low-footed 

F. o-eh halalanggur. Tdddnar eru stuttar o-eh kunne itshi kreppast 
so vial 

I. okh medh langga révu. Tiéidéidnars eru stuttars okh geta ekkys 
bekht sikh ains vel 

N. o med ai lang rova. Tarne er stutte o kann ikkye kreppa seh i 
hop so gott 5 

and with a long tail. The toes are short and cannot bend themselves 
as well 

F. sum finggrar okkara. 
I. okh finggurnirs au oss. 
N. som fingrarne vore. 
as our fingers. 

Music. 

The Faerings have preserved a wealth of dances accompanied by 

many ancient dance songs which are characteristic of these: islands. 

They also still use a number of narrative songs of the saga variety, 

some of which even refer to episodes connected with King Pepin, the 

father of Charlemagne (Pippingur oa Fraklandi, ‘Pepin of Frank- 

land’) and of other early monarchs. Most of these airs have a 

melody variation of only four or five tones and are believed to go 

back to a prehistoric origin. A specimen of a still popular dance song — 

given below may be of interest, in closing this brief sketch of a people 

who have kept their nationality in much the same manner as has been 

done in Iceland, owing to a thousand years of comparative isolation. 

19 Haegstad, Vestnorske Maalfére, pp. 188-190; F. phonetics by Miss 

Mikkelsen; Icel. phonetics by Mr. Kristian Armansson, an Icelandic student 

in Copenhagen. 
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TExT oF SoNG (PHONETIC). 

Bruhnsveins Vuisa.?° 

Hoyr té Myéddlkvuit svara mar bluit me yungga 
Hearken Snowwhite answer me blithely with the young folk 

E rusya ui lund at biya mar vuiv 
I ride to the wood to beg me a wife 

Adl favurt lyovar muin tungga 
So fair rings my lay (tongue) 

Lystir me ui dans goa me yungga 
I long to go in the dance with the young folk 

Bruhnt Gr muit silke hoar; myddlkvuit so Gri e shoal 
Brown is my silken hair. I myself.am snow-white 

Adl favurt lyovar muin tungga 
So fair rings my lay (tongue). 
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DISCUSSION OF A KINETIC THEORY OF GRAVITATION, 

Il; AND SOME NEW EXPERIMENTS IN 

GRAVITATION. | 

SECOND PAPER. 

By CHARLES F. BRUSH. 

A year ago I had the honor to present to this Society the first 

paper under the present title. The second, or experimental part of 

that paper, appeared to show that equal masses of zinc and bismuth, 

also of iron, and presumably of other metals and substances, do not 

SS have exactly equal weights; in other words, that the mass-weight 

. relationship differs in different substances. For instance, a given 

mass of bismuth appears to weigh a little more than an equal mass 

of zinc; or, to state it differently, as in the pendulum experiments 

following, gravity acts more strongly per unit of mass on bismuth 

than on zinc. 

When established, this is a fundamental fact of supreme impor- 

tance; and the present paper is devoted wholly toward its confirma- 

tion, leaving theoretical consideration for future papers. 

As the following experiments relate only to the mass-weight dif- 

ference between zinc and bismuth, I shall, for simplicity, refer to it 

as the “ zinc-bismuth effect.” 

Of the several experiments detailed in the first paper, that of the 

two gravity pendulums is the simplest and most easily understood, 

the most accurate and reliable, and has brought out most suggestions 

of possible sources of error. The latter are all considered in the 

following review and extension of the pendulum experiments; and 

the conditions as to length of rods, and weight and shape of bobs, 

have been widely varied. In every case the former zinc-bismuth 

effect has been confirmed, and in mo instance has there been any 

negative or equivocal result. 

PROC. AMER. PHII. SGC., VOL. LXI, M, POV. 16, 1922, 
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168 BRUSH—A KINETIC THEORY OF GRAVITATION. 

REVIEW AND EXTENSION OF GRAVITY PENDULUM EXPERIMENTS 

DESCRIBED IN First PAPER. 

Most of this work has been purposely delayed until after publica- 

tion of the first paper,’ in the hope that if any source of large error 

had been overlooked at the time of writing that paper, it would be 

pointed out by some one. Nothing of this sort has been brought to 

my attention. 

The next four or five pages, as far as Table I., are in substance 

quoted from the first paper. . 

Plate I. shows the pendulum apparatus as originally installed, to- 

gether with driving clocks at the top, added later for long-continued 

observations. 

A starting cradle, moving in guides on the low table just below 

the cylindrical zinc and bismuth bobs, serves to start the pendulums 

swinging exactly together in any desired amplitude. After pushing 

the bobs sufficiently to the left, the cradle is suddenly withdrawn to 

the right, leaving the bobs free. This device is entirely satisfactory 

in performance. 

A horizontal thick plate of hardened steel is very firmly bolted to 

the lower flange of a heavy iron I beam imbedded in the masonry of 

the ceiling and walls of the room. The plate is dropped 6.5 cm. 

below the beam by cylindrical iron spacers through which the bolts 

pass, and is carefully leveled. Near one edge of the upper face of 

the plate is a long shallow \_/ groove of 90° angle, with a slightly 

rounded bottom carefully ground straight and polished after the plate 

was hardened. 

From this plate hang two exactly similar pendulums of about 

2.284 m. effective length and 15.2 cm. apart. Each pendulum rod, 

except for a few centimeters at each end, is of mild steel, perfectly 

straight, and 1.6 mm. diam. Both rods were cut from the same 
specimen, so as to have the same temperature coefficient. The upper 

20 cm. of each rod is 0.4 cm. diam. round steel with fine screw thread 

and thumb nut on its upper part. The thumb nut has eight radial 

holes for a long brass pin, the whole adapted to effect very fine 

adjustment of pendulum length. The thumb nut rests on the hori- 

zontal face of a 60° triangular “knife-edge” of hardened steel 

1 Proc, AM, Pui. Soc., Vol. LX., No. 2, 1921. 
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_ through which the rod passes. The upper part of the rod is slightly 

_ flattened-on one side by grinding, and a thumb screw in one end of 

the knife-edge block bears against the flattened side of the rod and 

clamps it firmly in the block after each length adjustment is made. 

The knife-edge, ground true and sharp, rests in the plate groove 

above described, while the rod passes downward through an opening 

in the side of the plate. 

Each pendulum rod terminates at its: lower end in a straight brass 

rod 13 cm. long and 0.4 cm. diam. A perfectly straight horizontal 

steel pin passes loosely through the brass rod near its lower end, and 

on this pin the cylindrical bob, or weight as I shall hereafter call it, 

rests. 

Fig. 1 shows the upper and lower parts of one pendulum in detail, 

with the bismuth weight in place. 

eee 

i 
Fic. I. 

The brass rod at the lower end passes just freely through the 

weight, and accurately in its axis. A weight is easily removed from 
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either pendulum by lowering it after th. pin is withdrawn, and an- 

other weight may be substituted by reversing the procedure. While 

this is being done the pendulum rod is kept taut by another tempo- 

rary, radially slotted, lead weight applied just above, and resting on 

the upper end of the brass rod. Thus the weights forming the bobs 

of the two pendulums may readily be exchanged without disturbing 

anything else. 

The weights to be compared, bismuth and zinc in the first instance, 

were made very accurately the same in height, and with upper and 

lower ends as nearly plane and parallel as possible, by careful grinding 

on a perfectly flat surface. 

It is essential that the centers of gravity of the weights be exactly 

the same distance above their supporting pins. To assure this, each 

weight was adjusted to have its center of gravity exactly midway 

between its upper and lower ends by the following procedure: The 

pendulums having been started swinging with a definite amplitude © 

and brought to synchronism by length adjustment, one of the weights 

was turned over; this at first resulted in loss of synchronism at the 

same amplitude. Then, as indicated, the upper or lower cylindrical 

portion was slightly reduced in diameter by turning off or sand- 

papering in the lathe. Again the pendulums were synchronized, and 

again the same weight was turned over and synchronism tested. 

This process was repeated again and again with each weight until 

either could be turned over without affecting synchronism in the 

slightest observable degree. In making these adjustments very 

minute departure from synchronism could be detected in half an hour 

at the turning points of the swing. 

Instead of making the cylinders the same in diameter, they were 

made approximately the same in weight, about 1.377 kg., so that 

when they were exchanged the length of the pendulum rods would 

not be affected. Otherwise it would have been necessary to apply 

corrections for the elastic modulus of the rods and for their effect on 

the center of oscillation of the weights with every exchange. The 

latter correction would have been very large, and liable to error. 

Finally, the zinc and bismuth pendulums were adjusted to syn- 

chronism as perfectly as possible in 40-minute runs with initial ampli- 

tude of 35 cm. - As it turned out, the bismuth. pendulum was then 
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materially longer than the zinc one. It was the whole aim of the 
pendulum experiments to detect and measure this difference if it 

existed. 
Next, the weights were exchanged, so that in effect the bismuth 

pendulum was now the shorter one by double the former difference. 

On again starting the pendulums, at the former amplitude, loss of 

synchronism was easily observable in 2 minutes—the bismuth gaining. 

In half an hour the bismuth gain was very large. In the same and 

other forms this experiment was repeated many times, and always 

with the same unequivocal result. 

Equality of air resistance was effected by attaching small paper 

vanes to opposite sides of the bismuth normal to the line of swing, 

of such size as to produce air damping equal to that of the zinc as 

shown by equal time loss of amplitude. The necessary vanes are very 

small. 

It appears from this experiment that the earth’s gravitation field, 

which is here the accelerating force, grips the bismuth more strongly 

per unit of mass than it grips the zinc per unit of mass; in other 

words, a given mass of bismuth appears to weigh more than the same 

mass of zinc. Apparently the length of a standard seconds pendulum 

may depend on the material of which it is made. 

The greater diameter of the zinc cylinder slightly lowers its center 

of oscillation; and this accounts for about 10 per cent. of the effect 

above described, as determined by elaborate experimentation which 

need not be detailed here, and which was approximately verified by 

computation, | 

A pair of high-grade, weight-driven clock movements were next 

added to the apparatus, as shown in the upper part of Plate VII., and 

adapted to drive the pendulums continuously at an amplitude of 

13 cm. 

After synchronizing the zinc and bismuth pendulums at this ampli- 

tude, the zinc and bismuth weights were exchanged as heretofore 

described. Then they were started exactly together and allowed to 

run until they were again exactly together, the bismuth having thus 

gained two full beats. Half the elapsed time was taken as the value 

of one beat gain. 

Again the pendulums were synchronized, the zinc weight now 
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being on the pendulum formerly occupied by the bismuth weight; 

then the weights were exchanged as before, the pendulums started 

together, and allowed to run until the bismuth had gained two beats 

as formerly. This procedure was for the purpose of verifying the 

first finding and to expose any considerable difference there might be 

in the performance of the driving clocks. No such difference was 

found; yet for verification the same procedure was followed in the 

next experiments. 

A cylinder of very pure iron was next prepared, of exactly the 

same height, and approximately the same weight as the zinc and 

bismuth cylinders, and adjusted for center of gravity with the same 

care, | 
The iron weight or cylinder was then compared with the zinc 

weight and with the bismuth weight, with the same care used in com- 

paring the zinc and bismuth as above described. The iron gave 

results intermediate between those of zinc and bismuth. 

Table I. shows the performance of the zinc-iron, the iron-bismuth, 

and the zinc-bismuth combinations. The measurements of time re- 

quired to gain one beat check and confirm each other remarkably well. 

As the pendulums make about 2,388 oscillations per hour, the 

bismuth gains one beat, or oscillation, in about 17.432; but as before 

pointed out, the real zinc-bismuth effect is only half of this, say, one 

TABLE I. 

Zinc-Iron 15% hrs. 

18% “ 

Iron-Bismuth 13 hrs. 
12% “ i Mean 13 hrs. 
13% “ 

Zinc-Bismuth 7 hrs. 20 min.” 
7“ 1 & Mean 7.3 hrs. 

} Mean 17 hrs. 

Zinc Iron Bismuth 
x oe 4 ~- 7) 

17 hrs, 13 hrs. 

7.3 hrs 

Reciprocals : 

1 I I 
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part in 35,000. Thus a wesght-mass difference effect appears fairly 

well established and is impressive. 

Effect of Unequal Weight of Bobs—In the foregoing experiments 

the zinc cylinder or bob weighed about 7 grams less than the bismuth 

(about 1% per cent.) ; and it was known that this would tend to 

“ speed up ” the zinc and make the period difference or “ zinc-bismuth 

effect” appear Jess than if the bobs were equal in weight. But it 

was thought that the effect of this weight difference was so small that 

it would not be worth while to delay the experiments several days to 

correct it, though computation would have shown differently. 

Last summer a review and extension of the pendulum experiments 

was commenced, and the first thing done was correction of the weight 

deficiency of the zinc cylinder. This was effected by placing a tightly 

fitting equatorial band of thin sheet zinc on the cylinder and driving 

it slightly one way or the other until perfect adjustment of center of 

gravity was had, as and for the reason heretofore explained. Finally; 

the zinc band was secured from accidental displacement by several 

‘very small drops of solder at its edges. As it turned out, the banded 

zinc, instead of being 7 grams lighter than the bismuth as before cor- 

rection, was then about one tenth gram heavier than the bismuth. 

This latter difference is trivial and was not corrected. 

The effect of equalizing the weight of the zinc and bismuth was 

unexpectedly large. Instead of the bismuth gaining one beat in 7 

hours 18 minutes, as shown in Table I., it now gained a beat in 

5 hours 11 minutes. 
The reason for the large disturbing effect of any considerable 

weight difference between the bobs is perfectly clear. It is due to 

the distribution of weight in the equal pendulum rods. Obviously, 

if we could have stretchless and weightless rods, even large weight 

differences between the bobs, whatever they were made of, would 

have no disturbing effects except those due to different diameters, 

which would change their center of oscillation and air resistance. 

But the center of oscillation of a pendulum rod alone is very far 

above that of its bob, and it is the resultant center of oscillation of 

the combined rod and bob that we have to deal with. Clearly, then, 

if we reduce the weight of a bob, we raise the center of oscillation of 

the combination and thus shorten its period. 
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The new and enlarged value of the zinc-bismuth effect found, as 

above described, clearly does not invalidate the usefulness of Table I. 

as a check on the. accuracy of the work done before correcting the 

weight of the zinc bob. If the new value were introduced in a similar 

table, it would simply increase the zinc-iron effect (less hours for 

one beat gain of iron) as well as the zinc-bismuth effect, and show 

that the iron is more closely related to bismuth than to zinc in effect 

producing qualities. 

Inequality of bob weights is much the largest and most dangerous 

source of error I have found in the pendulum experiments ; dangerous 

because it is not very obvious (no one has pointed it out), and if 

overlooked may lead to wholly erroneous results—even reversing the 

sign of the zinc-bismuth effect. I have said so much about it for the 

guidance of others who may wish to try pendulum experiments for 

themselves. 

The next step was to make a new pair of zinc and bismuth bobs 

as nearly as possible exactly like the original pair, except that the zinc 

cylinder is slightly larger in diameter so as to have the required weight 

without banding, and the bismuth cylinder purposely has a coarser 

crystalline structure, 

The new castings were made like the old ones, in molds consisting 

of vertical iron cylinders somewhat larger in diameter than the fin- 

ished bobs, with an asbestos paper tube extending above. Thus the 

castings were chilled at their lower end, and rather rapidly cooled 

throughout. 

But before machining, the bismuth casting only, was packed in 

molding sand in an iron box and gradually heated in a large electric 

muffle furnace above the melting point of bismuth, and then allowed 

to cool very slowly through the freezing stage of the metal by suitably 

reducing the heating current in the furnace. This procedure surely 

resulted in a crystalline structure of very large grains. 

Finally, the new cylinders were worked to weight, Jength, paral- 

lelism of ends, and adjustment of center of gravity with all the care 

and patience exercised with the earlier cylinders. The weights of 

the new and old cylinders are now as follows: 

Weight ‘of old: zine |..asisssiasev anion sg ndases matouapeee 1,383.809 grams 

Weight of new zine «ss sseuuene<bivs sued ss tee ase 1,383.803 “ 

Weight of old biswinth 3.) ban5 0055 ches Maen chases 1,303705. 7 

Weight of new bismisthy oi jiin5 tows cde beeen oaevcels 1,383.798 “ 
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Large weighings like these are made with a 2-kilogram Becker 

_ balanee of the most improved type, easily sensitive to a tenth milli- 

gram with full load. 

The members of each pair of cylinders are made so closely alike 

in weight because they are to be superposed on the pendulum rods; 

and any difference in weight would shift the center of gravity of the 

pair. 

The purpose of the second pair of bobs is, first, to permit com- 

parison of bobs of the same metal—I am often asked to do this; and, 

second, by superposing the zinc or the bismuth, to provide bobs of 

double the former weight and very different in shape. It was not 

expected, however, that even such large variation of weight and shape 

of bobs would throw any new light on the subject; and it did not, as 

will appear. This will be gratifying to such of my friends as have 

been bothered with doubts in these respects. 

Next, the old and new bismuth bobs were mounted on the two 

pendulum rods; synchronized, exchanged, and period difference 

measured; again synchronized, exchanged, and period difference 

measured, all as formerly done with zinc and bismuth bobs. In 

addition to this, each bob, after exchanging, was turned over and 

tested again so as to average out any small errors that might have 

been left when center of gravity adjustments were made. In-these 

experiments the small paper vanes on the old bismuth cylinder were 

eliminated in effect by turning them into. the line of swing. 

In every instance the new bismuth gaimed over the old bismuth, 

but not much. Averaging all the measurements, the mean gain was: 

about .6 mm. per hour measured in middle of swing with a reading 

telescope. Whole amplitude was about 11.4 cm. Hence somewhere 

about 190 hours would have been required for a full beat gain, such 

as takes place in about 5 hours when zinc and bismuth are compared. 

Therefore, we may call.the new bismuth-bismuth effect about 2% 

per cent. as large as the normal zinc-bismuth effect. 

The above shows too much difference in behavior between old and 

new bismuth cylinders to be attributed to experimental errors. It 

seems not unlikely, then, that there is a real. mass-weight difference 

between the old and new bismuth cylinders. It is believed that this 

difference is due to difference in crystalline structure. If this is the 
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true explanation, it is exceedingly interesting in showing that physical 

condition affects the relation of weight and mass in bismuth, and © 

presumably in other substances. Certain other experiments on very 

different lines, which will be detailed in a future paper, appear to 

support this view. 

But the old and new zinc cylinders, when compared with similar 

care, also showed a similar, though smaller, difference in behavior, 

the new zinc being faster than the old. This may be due to the fact 

that the new bob was made of electrolytic zinc, presumably almost 

chemically pure, while the old one was made of ordinary commercial 

zinc, presumably not nearly so pure. 

The latter and subsequent experiments were greatly facilitated by 

using a reading telescope located in the plane of the pendulum wires 

when at rest, and focussed sharply on the nearer wire just above the 

brass rod which carries the bob. This leaves the farther wire hazy 

in outline, so that the two wires are easily distinguished as they cross 

the field of view. When the pendulums are in synchronism, the wires 

are superposed as they cross the center of the field. In this way 

very small departures from synchronism can be detected in a few 

minutes, which would require many times longer to grow sufficiently 

to be seen with the unaided eye. 

Next, both zinc cylinders were mounted on one pendulum rod, the 

new one above; and both bismuth cylinders on the other rod, the new 

one above, all as shown in Plate VIII. (the plate, however, showing 

much shorter pendulum rods). The old bismuth cylinder had its 

small paper vanes turned normal to line of swing, while the new 

bismuth cylinder carried a very thin aluminum vane normal to swing, 

of computed area sufficient to make its air resistance equal that of 

the new zinc cylinder. 

Here we have bobs of double the former weight, and very different 

in shape. Of course, the periods are slightly shortened, 

Then these double bobs were fully compared in the same manner 

as were the former single bobs. The closely same results are shown 

in Table II. 

Both pendulum rods were next shortened nearly a meter, and a 

suitably higher table was placed below them, as shown in Plate VIII. 
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TABLE II. 

———————C—~CS Lone PENDULUMS. 

a ee 
equired for Bi Radi 

to Gain One Beat. Single | Double as 
Swings Zn-Bi | Zn-Bi | Gyra- Zn-Bi 
for Bi | Effect | Effect | tion Effect 

Synchronized. to Gain) Ob- Ob- Effect Corrected 
One | served | served | Com- X107% 

Mean. | Beat. | X10.) X107*.| puted 

Bi Bi cmc 
; North. | South. 

Single Bobs 
Zn 7 gms. deficient é 
Se ..-| 436 | 440 | 438 |17,450| 57.3 | 28.6 o | 19.6=1 

Zn and Bi wts 2 x mie 
aes .: 314 308 311 12,390} 80.7 | 40.3 9.0 | 31.3 =1)32,000 

New Zn, New Bi.} 301.5 | 314.5 | 308 12,270} 81.5 | 40.7 9.0 | 31.7 ="/31,600 
Double Bobs... ... .| 298.7 | 306.8 | 303 12,110} 82.6 | 41.3 9.2 | 32.1 =/31:200 

SHort PENDULUMS. 

Single Bobs, New | 
mend bi... ... 221.2 | 214 217.6 | 11,220| 89.1 | 44.6 | 25.2 | 19.4 =)/se/o00 

Double Bobs....... 179 | 193.2 | 186.1 9,630) 103.8 | 51.9 | 26.0 | 25.9 =!/39/c00 

Prriops. 

Single Beats per minute. 

Long ee, SP ee Oe earn re 0 EN PRS ay yo 30.834 
e ee | RE Ce Pore rr. Ber err Sey re erro 39.903 

Short I EMI DON Oe an. co asin sna cd sovntnnagenenss cute 51.546 

5 REE ION foc Gc dvs ccc ssi exandabbnadsatoeahs sean 51.752 

The single and double bobs on the shorter rods were compared as 

before, with results shown in lower part of Table II. But reversal 

of the larger and smaller time quantities in columns 1 and 2 lead to 

strong suspicion of experimental errors, probably due to insufficient 

care in exchanging the bobs after synchronizing. Unfortunately, as 

the last experiments were made quite recently, there has not been 

time to repeat them. 
Effect of Greater Diameter of Zinc Bobs on Center of Gyration.— 

In last year’s paper this effect, with the long pendulums, was esti- 

mated to account for about 10 per cent. of the whole zinc-bismuth 

effect as experimentally found, and somewhat more than this by 

computation. But the fact that this correction should be doubled 
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when applied to the single (or real) zinc-bismuth effect was inad- 

vertently overlooked. 

Table II. shows that this correction (subtractive) for either single 

or double bobs on the long pendulums is 22 per cent., and, of course, 

grows rapidly as the pendulums are shortened. 

It is seen that the very consistent results of single and double bobs 

of equal weight on the long pendulums indicate a zinc-bismuth effect 

of about one part in 32,000, But in all the pendulum and other 

experiments the end sought is not so much quantitative accuracy as 

qualitative certainty. In the present stage of the general investiga- 

tion it matters little whether the true zinc-bismuth effect is one part 

in ten thousand or a hundred thousand; the great point is to make 

sure that it is something tangible. This is the purpose of my long 

course of experimentation, 

Another, though small, correction might be made in Table II. 

(additive), due to the fact that the pendulum rods are of different 

material from the bobs. 

Effect of Unequal Air Resistance—I am often asked if per- 

formance of the pendulum experiments in vacuum might not greatly 

affect, or even obliterate, the apparent zinc-bismuth effect. To this 

I can confidently answer no. As I see it, the only thing to be gained 

by working in vacuum would be elimination of unequal air resistance 

due to the unequal diameters of the zinc and bismuth cylinders. 

But this is easily compensated when working in air by attaching 

to the smaller bismuth cylinder small and very light vanes of paper 

or very thin aluminum normal to the line of swing of suitable area 

experimentally found or computed. This was always done in the 

foregoing experiments. 

Careful experiments have shown that wholly uncompensated in- 

equality of air resistance would increase the apparent zinc-bismuth 

effect only about 10 per cent. The effect of the air vanes on the 

bismuth is to slightly lengthen its period. 
It is well known that wind pressure on a cylinder, normal to its 

axis, is approximately half that on a plane surface of a width equal 

to the diameter of the cylinder. Therefore, if we were to place on 

either double bob cylinder shown in Fig. 2 a plane air vane normal 
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to line of swing, and as high and broad as a single cylinder, it would 

double the air resistance of that pair. 
The diameters of the zinc and bismuth cylinders are, respectively, 

72 and 61 mm., and their common height (single) 48 mm. Inci- 

dentally it will be seen that a zinc cylinder has 18 per cent. greater 

diameter than a bismuth cylinder, and presumably 18 per cent. more 

air resistance. 

An air vane of thin cardboard 48 mm. high was placed on each 

double pendulum bob as shown in Fig. 2; that on the zinc 50 mm. 

wide, and on the bismuth 83 mm. wide, as shown by the dotted lines. 

The vanes were adapted to be turned into the line of swing, which 

Zn Bi 

Zn Bi 

ae: aes, * Rae 

Fic. 2. 

was equivalent to removing them, or normal to the swing, which 

would give them full effect. 

It is easily seen that either vane, when turned normal to line of 

swing, doubles the air resistance of its pendulum as compared with 

the other pendulum having its vane in the line of swing. 

Prior to adding these very large vanes, the pendulums had been 

synchronized and their bobs exchanged as in the last entry of Table 

II., showing the mean time required for the bismuth to gain one beat 

was 186 minutes. 

When the air resistance of the zinc was thus made double that of 

the bismuth, the time required for the latter to gain one beat was 

137 minutes. When these conditions were reversed, giving the bis- 
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muth double the air resistance of the zinc, the time required for the 

bismuth to gain one beat was 274. minutes. 

Thus it is seen that when we give the zinc more than five times 

its uncompensated normal excess of air resistance the apparent zinc- 

bismuth effect is increased only one half; and when we give the bis- 

muth 100 per cent. excess of air resistance, instead of its normal 18 

per cent, deficiency, the apparent zinc-bismuth effect is still very con- 

siderable after correcting for radius of gyration effect. 

I hope these reductio ad absurdum experiments make it clear that 

no error need accrue from swinging the compensated pendulums in 

air instead of in vacuum. It is true that in vacuum the periods of 

both pendulums would be slightly shortened; but they would be 

equally shortened. | ; 

Effect of Local Distortion of the Earth’s Magnetic Field—It has 

been suggested that distortion of the earth’s field by large masses of 

iron in the laboratory and in the building structure may have some- 

thing to do with the observed zinc-bismuth effect. 

There are no considerable masses of iron nearer than about 2 

meters from the swinging bobs, and their distorting effect must be 

very nearly uniform in the small space in which the bobs swing; so 

that both bobs will be affected substantially equally. However, to 

test out the effect of great distortion of the earth’s magnetic field in 

the immediate vicinity of the bobs, and very unequally for the two, 

the following experiment was made: 

After synchronizing single zinc and bismuth bobs on the short 

pendulums, a large cylinder of very pure soft iron 31 cm. high and 

7 cm. diameter, shown on right front corner of table in Plate VIII. 

(never left there, however, during other experiments), was placed 

vertically with its axis in the plane of the two pendulums at rest, and 

with its axis 10 cm. away from that of the nearer bob; and later in 

the same: relation with the other bob. Then the bobs were started 

swinging together. 

In each case the nearer bob was accelerated, but only about 11 

per cent. as much as bismuth is always accelerated when the bobs are 

exchanged after synchronizing. The amplitudes were slightly dimin-_ 

ished. When a glass cylinder of similar size was substituted for the 

iron, no disturbance of period was observed. 
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It is clear, then, that in the customary absence of iron anywhere 

near the bobs they can not be unequally affected by the earth’s mag- 

netic field to any appreciable extent. 

Necesssty of Very Rigid Support for the Pendulums.—When two 

pendulums are hung from the same support, there is a well-known 

tendency of each to influence the other by slight motions imparted to 

the common support. It was to counteract this tendency that the 

common support of the pendulums used in these experiments was 

made so very rigid. 

The following experiments were made to test the efficiency of this 

provision, and the double bobs were used because of their greater 

weight, and the short pendulums because of their greater angular 

amplitude. 

The pendulums were so closely synchronized that no appreciable 

change occurred in 3 hours when swinging together. Then they 

were started as nearly as possible in opposite phase, and again allowed 

to swing 3 hours. Again they were started a half phase apart, and 

allowed to swing 3 hours. In neither case was there any observable 

change in phase relation during the three hours’ run. Three hours’ 

run was deemed sufficient, because that was about the time required 

for the bismuth to gain a whole beat when the bobs were exchanged. 

Thus it is seen that the pendulums do not observably affect each 

other because of their common support. 

To find to what extent, if any, the pendulums affect each other 

by the interaction of the air eddies which they set up, the bobs were 

exchanged as usual, started together, and time required for two beats 

gain of bismuth taken. Then they were again started, and immedi- 

ately a large glass plate was placed vertically midway between the 

pendulums in the line of swing, and resting on the table. Again the 

time required for two beats gain of the bismuth was measured. This 

procedure was repeated without, and with the interposed glass plate, 

and with the following results: 

Time or Two Beats BismutH GAIN. 

Without glass plate ..........- cece cece cece e teeter eens 357 minutes 

With glass plate ......... 2c cece eee eee eee e enter eeeee 352 i 

Without glass plate .........-ee ee cece eee renee eee cress 360 

With glass plate ..........e cece cence eee eee e eee ee ences 353 



182 BRUSH—A KINETIC THEORY OF GRAVITATION. 

The mean effect of the glass is to speed up the bismuth 6 minutes, 

or about 1.7 per cent. 

This small discrepancy in periods may be largely due, and almost 

certainly is partly due, to the effect of the glass plate on the slight air 

currents unavoidably present in the room. ‘The plate shields one of 

the bobs from these currents, and by reflection accentuates their effect 

on the other bob, except when, if ever, the currents happen to be 

closely in the plane of the plate. . ie 

Hence we may conclude that the effect of interacting air eddies set 

up by the bobs is negligibly small. 

The foregoing review and extension of the pendulum experi- 

ments, unless some at present unsuspected source of large error is 

discovered, leads me to believe firmly that there is a real and very 

considerable mass-weight difference between zinc and bismuth. This 

belief is strongly supported by the torsion pendulum experiments of 

last year, and by several other lines of experiment now in progress, 

one of which I shall briefly describe: 

A most carefully designed and constructed instrument of precision 

has been built for comparing the velocities of freely falling bodies in 

two aluminum containers, alike in size, shape, and smoothness of 

surface. These are loaded to exactly the same weight, to equalize air 

resistance effects, and dropped simultaneously, side by side, from 

exactly the same height always. Have had no trouble with this part 

of the apparatus. 

After falling about 120 cm. the containers strike a pair of targets 

exactly equidistant from their starting points. This adjustment is 

made by loading the containers with the same metal and reversing 

their position again and again while adjusting the targets until the 

containers strike them simultaneously. The mechanism is such that 

the containers push the targets aside after striking them. 

When the containers are loaded with zinc and bismuth, the one 

containing bismuth strikes its target just a little before the zinc one 

arrives. The time difference must be of the order of a hundred 

thousandth part of a second, and the beautiful timing mechanism 

detects this easily. ; 

But in using this apparatus a persistent collateral phenomenon 

developed, which promises to be of great interest. This is being in- 
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I. INTRODUCTION. 

Since 1847, when the first White River fossil was described by 

Dr. Joseph Leidy, the abundant and varied fauna of this series, as 

exposed in the Big Badlands of South Dakota, has made it a center 

of interest for paleontologists and collectors. During the field sea- 

sons of 1920 and 1921 the writer has worked in this area with Pro- 

fessor W. J. Sinclair with the object of tracing the detailed faunal 

changes and determining, from the lithology of the beds, the condi- 

tions of sedimentation through the successive formations which make 

up the White River series. The work has been carried on in the Big 

Badlands south and southwest of the town of Scenic in Pennington 

County, and along the Wall of the Badlands north of Interior in 

Jackson County. 

The earliest investigators assumed that most of the Tertiary 

mammal-bearing beds of the west were lake deposits, and that the 

excellent preservation of the skulls and skeletons they afforded was. 

due to protection by water from subaérial weathering and disintegra- 

184 
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tion. Hatcher was among the first to suggest the possibility of a 

flood-plain-of fluviatile origin instead of lacustrine, and evidence in 

recent years has been accumulating which supports his hypothesis. 

We are now able to recognize river-channel, fresh-water pond, sheet- 

flood, and eolian elements in the series. In the present investigation 

the writer has endeavored to draw from the lithologic characteristics 

of the sediments the sources of the material, the methods of transpor- 

tation and deposition, and the physiographic and climatic conditions 

under which the White River faunas lived and evolved. 

II. GENERALIZED SECTION OF THE BiG BADLANDS. 

To make the stratigraphic relations of the various types of sedi- 

ments more clear, a generalized columnar section of the Big Badlands 

is presented in Figure 1, C, correlated with a section of the Oreodon 

beds from the Wall of the Badlands near Interior, about 40 miles to 

the east, and with Wortman’s 1893? section, which has been generally 

used as the standard section for the district and is now somewhat in 

need of revision. The datum plane of correlation used is the top of 

the lower zone of rusty nodules or “ Red Layer,” as defined below. 

The stratigraphic elements of the White River series may be briefly 

indicated as follows: 

1. Tttanotherium Beds.——This zone consists of clay beds with 

numerous large sandstone channels. Thin limestone lenses are fre- 

quent throughout, but caliche zones are rare or absent. The subdivi- 

sion of the Titanotherium beds into Upper, Middle, and Lower zones 

in Wortman’s section is based on the supposed zonal distribution of 

titanotheres presenting different stages of horn development, as 

worked out by Hatcher.2 A corresponding stratigraphic or lithologic 

‘subdivision has not yet been recognized and it is doubtful whether 

such will ever be possible. The thickness of the Titanotherium beds 

in the sections measured by our expeditions varies from I10 to 132 

feet, which is somewhat less than Wortman’s figure of 180 feet, 

though there are doubtless thicker sections than those measured by 

the writer, for the Titanotherium beds vary greatly in thickness from 

point to point, resting as they do on the very irregular erosion surface 

1Am. Mus. Bull., 5, 1803, pp. 98-9. 

2 Am. Naturalist, March, 1893. 
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Fic. 1. Correlation diagram of sections of the White River formation. 

Section C: (1) algal ball horizon, Quinn Draw; (2) Metamynodon channel 

sandstone, Quinn Draw; (3), (4), (5) and (6) Metamynodon channel sand- 

stones in Corral Draw; (7) Metamynodon channel sandstone, Little Corral 

Draw; (8) Solid sheet of algal limestone, Little Corral Draw; (9) Thin sheet 

of silicified limestone at base of Oreodon beds. 
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Fic. 1. Titanotherium beds topography as exposed in Indian Creek, Big 

Badlands. Note the rounded character of the hills. The Sheep Mountain sec- 

tion of Oreodon and Leptauchenia beds is seen in the distance to the left. 

Fic. 2. Section of the Oreodon beds in Corral Draw, Big Badlands. The 

upper nodular level is marked (*), and the lower zone of rusty nodules or 

the red layer (**). Photo from the collection of the late S. W. Williston. 
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Fig. 1. Section of the Leptauchenia volcanic ash beds in a canyon of 
Sheep Mountain, Big Badlands. The top of the columnar vertical weathering 
in the picture is the top of division (a) of the Leptauchenia beds, as de- 
scribed in the text. Above this is the “ white ash layer” of Matthew, division 
(b) of the text. This appears lighter colored than division (a), and does not 
show vertical columnar weathering. 

Fic, 2. Section of the Oreodon beds in the Wall of the Badlands at Cedar 

Pass, north of Interior, Jackson County. The central highest pinnacles are 

capped by Leptauchenia volcanic ash beds. The subdivision of the Oreodon 

beds here into upper clays, upper nodular layer, middle clays, and lower nodu- 

lar layer are clearly shown, especially in the right half of the picture. The 

upper nodular layer is marked (*) and the lower nodular layer (**). 
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of the Pierre shale. The lower part of the Titanotherium beds con- 

sists of blue and-lavender clays made up entirely of reworked Pierre 

shale and affording calcareous nodules with cone-in-cone structure 

containing remanie Pierre shale fossils.» This lower zone is dis- 

cussed below in connection with ground water circulation. The 

channels and limestone lenses are so numerous and, apparently, local 

that their stratigraphic positions have not been indicated in the gen- 

eralized section. 7 

2. Oreodon-Metamynodon Beds—(a) Wall of the Badlands sec- 

tion. The Oreodon or Middle White River series as generally de- 

veloped consists essentially of clays with local limestone lenses, inter- 

rupted by channels of coarse sandstone containing Metamynodon. 

In the “ Wall of the Badlands” section near Interior (Fig. 1, A) they 

are divided into: (a) lower zone of rusty nodules and clays; (b) 

intermediate clay zone; (c) upper zone of nodules, more generally 

greenish than rusty; (d) upper clay zone. (See Plate II, Fig. 2.) 

The upper zone of nodules as here developed is absent in the Big 

Badlands and the same term is there applied to a thin caliche zone 

which is remarkably persistent over at least 200 square miles and may 

extend farther yet, but does not occur, or has not been identified, in 

the Interior section. 

(b) Big Badlands section (Fig. 1,C). The base of the Oreodon 

beds in the Big Badlands is defined by discontinuous thin bands or 

lenses of silicified limestone or chert, ranging where present from two 

inches. to one foot thick. This division plane was mentioned by 

Darton‘ when he first defined the Chadron and Brule formations. 

Where the limestones are absent the line of change in the weathering 

between the Oreodon and Titanotherium beds is used for the contact 

plane. The profiles developed on the Oreodon clays, as a rule, have 

steep slopes and a more angular appearance, while the Titanotherium 

beds weather with gentler slopes and more rounded surfaces. Plates 

I. and II. bring out this contrast clearly. 

In the same area, the lower zone of rusty nodules, or so-called Tur- 

tle-Oreodon layer or “ red layer,” is defined by Sinclair® as beginning 

3 Science, Vol. 19, p. 254, 1904. 

4 Professional Paper, 32, U. S. G. S., p. 71. 

5 Proc. oF THE AMER. Puizos. Soc., Vol. 40, 1921, pp. 457-466. 
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with the algal limestone or chert band at the base of the Oreodon beds 

and continuing upward from 29 to 43 feet. (varying with the locality), 

generally overlain by a more greenish clay or nodule-bearing horizon 

much poorer in fossils than is the red layer. The red layer consists 

of pinkish clay with rusty-brown caliche nodules in fairly regular 

bands or irregularly distributed. In the Indian Creek sections usu- 

ally from one to three nodule-bearing horizons are found in it, while 

in parts of Corral Draw as many as ten levels of nodules may occur. 

Elsewhere, as on Cain Creek, six miles east of Scenic, nodules are 

locally absent over large areas, and the whole lower Oreodon series 

consists of clays. As it is often impossible to tell at what part 

of the lower zone the nodules are developed it has been found that 

the upper layer discussed at greater length in the paragraph following 

makes a better datum plane than the lower zone. Both of these zones 

are very fossiliferous and the intervening clays from the upper nodu- 

lar level to the base of the Oreodon beds have also produced many 

important fossils. Professor Sinclair’s paper on the “ Turtle-Ore- 

odon layer or ‘red layer,’ a Contribution to the Stratigraphy of the 

White River Oligocene,” which has just appeared, discusses primarily 

the lower nodular zone, and reference may be made to it for further 

details. 

The upper level of rusty nodules is six inches to one foot thick 

and 80 feet, more or less, above the base of the Oreodon beds, or 40 

to 60 feet above the top of the Lower nodular zone, the variation be- 

ing due to changes in the thickness of the latter. As mentioned above, 

this thin zone of nodules is so widely distributed over the area of the 

Big Badlands that it makes the best datum plane in the whole series 

of the Oreodon beds. It has been clearly recognized at points sep- 

arated by 25 miles (Arnold’s Ranch district, 12 miles southeast of 

Scenic and Battle Creek Canyon, 30 miles southwest of Scenic) and 

may be found to have a still wider distribution. 

The channels which cut the lower zone of rusty nodules are char- 

acterized by the presence of the large aquatic rhinoceros, Metamyno- 

don, and are therefore called Metamynodon sandstones. They cut 

the Oreodon clays at various levels, but are most numerous between ~ 

the upper level of rusty nodules and the base of the Oreodon beds. 

The stratigraphic position of six of these channels is shown in Fig. 1, 
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Section C, which also gives the position of a limestone lens in Little 
Corral Draw and an algal ball level in Quinn Draw. 

The clays above the upper nodular level are generally alternate 
bands of pale pink and pale green beds with very few channels and 
nodular layers and no limestone lenses observed. The average thick- 
ness of this clay series in the Big Badlands is 160 to 170 feet, with 
a variation of not more than 10 feet in three sections measured 
20 miles apart. This clay zone is less interesting because of its 
poorer fossil content and has not as yet been studied in much detail. 

Around the western and southern ends of Sheep Mountain this clay 

series is capped by a heavy sandy nodular layer about 50 feet thick, 

but this layer was not observed elsewhere. 

3. Leptauchenia-Protoceras Series—A. Protoceras Beds. The 

name Protoceras beds has often been applied to all of the Upper 

White River, but should be restricted to the stream channels cutting 

the so-called Leptauchenia clays, the former alone carrying a Pro- 

toceras fauna. No channels over 30 feet in thickness have been 

observed by the writer, and Wortman’s figure of 50-75 feet is prob- 

ably somewhat excessive. The position of these channels is generally 

at or near the base of the Leptauchenia beds. As the Protoceras 

sandstones are only formed in stream channels, many sections contain 

no Protoceras beds at all, the Leptauchenia horizon resting directly 

on the Upper Oreodon clays. It has been supposed that the Proto- 

ceras sandstones were deposited right in the stream channels where 

the current was strong, while the Leptauchenia “clays” were de- 

posited at the same time in the quieter backwaters. In many samples 

of Protoceras sandstones, however, water-worn concretions are found, 

such as are very characteristic of the Leptauchenia beds. These con- 

cretions were sufficiently consolidated at the time of the Protoceras 

channels to be preserved as pebbles in the sandstones formed. This 

shows that the Protoceras channels were actually cut through the 

Leptauchenia beds and are thus younger than part of the latter zone. 

older Leptauchenia beds and are thus younger than part of the latter 

zone. This suggests contemporaneous erosion of the country rock 

by the channel forming streams. 

B. Leptauchenia Beds. The most complete section of these is in 
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Sheep Mountain in the Big Badlands. They are subdivided in ascend- 

ing order into: 

(a) Vertical, columnar weathering, ash beds often affording abun- 

dant nodules somewhat resembling coprolites in shape and size. 

Each’ nodule has a vertical central tube around which the 

nodule seems to have grown by concentric accretion. The 

cementing material of these nodules has not yet been investi- 

gated. The general color of this division is pale pink. Thick- 

ness, 165 feet. 

(b) A massive, white, volcanic ash layer at the top of the zone of 

columnar weathering, 66 feet thick. This and division (a) are 

shown in Plate II., Fig. 1. This zone is more resistant to 

weathering than (a), but does not show vertical faces. 

(c) A capping of 50 to 75 feet of pinkish nodule-bearing volcanic 

ash beds, exposed on the highest parts of Sheep Mountain. 

This gives a total thickness of 281-316 feet for the Sheep Moun- 

tain Leptauchenia beds section. If Matthew® is correct in correlating 

the Sheep Mountain “White Ash” layer with that exposed in the 

Porcupine Creek section of the Lower Rosebud Miocene, about 20 

miles south of Sheep Mountain, divisions (b) and (c) of the above 

_ sequence may belong rather to the Lower Rosebud than the White 

River. This correlation is at present tentative and must: be worked 

out by a more thorough study of both the stratigraphy and the faunal 

changes. 

Additional stratigraphic details, it is hoped, may be presented in 
a subsequent paper, 

III. Metuop or INVESTIGATION. 

The method pursued in the examination of the sediments is essen- 

tially that described by Crook.*. A sample of 50 grams was selected 

for study and, in the case of the finer sediments, was crushed so 

that all of it passed through a one-millimeter mesh. This was done 

in order to allow the acid to act freely on all parts of the sediment, 

so that all of the calcareous cement would be dissolved. This was 

6 Matthew, Bull. Am. Mus. Nat. Hist., Vol. 23, pp. 169-219, 1907. ‘ 

7Hatch & Rastall, “ Textbook of Petrology: The Sedimentary Rocks,” 

1913, PP. 339-414. 
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then treated with dilute hydrochloric acid until no effervescence fol- 

lowed the addition of more acid. The residue was then washed and 

dried at 110° C. and weighed, the difference representing the quantity 

of soluble cement. The residue was then placed in a beaker and 

water added to a level 9 cm. above the base of the beaker. This was 

allowed to stand 10 minutes, in which time all particles with a density 
of quartz or greater and a diameter greater than 0.01 mm. settled. 

The liquid with the mud was decanted and this process was repeated 

_ until the liquid was clear at the end of 10 minutes. The residue was 

then dried and weighed, the difference in weight representing the 

amount of mud in the sample. The residue was then decanted to 

remove silt. The sediment was covered with 14 cm. of water and 

allowed to settle for 20 seconds and decanted. This decantation was 

continued until the liquid was clear, some of the silt being saved for 

examination. The particles thus separated as silt have diameters of 

0.01 too. mm. All coarser residues, when dried and weighed, repre- 

sented the sand content of the sample. 

In samples containing a noticeable percentage of heavy minerals, 

the sand residue was treated in a separatory funnel with Thoulet’s 

solution (mercuric chloride and iodide dissolved in water) of a density 

of 2.95-3.0. By this method the rarer heavier minerals were concen- 

trated and their amount and variety determined. From the heavy 

concentrate the magnetite was removed by an ordinary horseshoe 

magnet, and it was found that a fair concentrate of micas for study 

purposes, without attempt at quantitative separation, could be made 

by sliding the lighter sands repeatedly from a sheet of paper, where 

the mica flakes generally remained on account of their flatness. 

The sands, silts, and heavy concentrates were then studied micro- 

scopically, with a series of liquids of known indices of refraction, and 

the individual minerals thus determined. 

IV. Types oF SEDIMENTS. 

In the sequence of sediments composing the White River series 

there are: (1) Stream-channel sandstones, represented by those of 

the Protoceras, Metamynodon, and Titanotherium levels whose rela- 

tions to the surrounding clays can, generally, be easily deciphered. 

Due to the superior resistance to weathering of the sandstones, the 
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courses of old stream channels can often be traced clearly, sometimes 

by the crest of a high divide, sometimes by a marked ridge of sand- 

stones across a modern creek valley. 

(2) Fresh-water limestone deposits. These occur at various 

horizons through the Titanotherium and Oreodon beds and represent 

small pond or damp meadow deposits. 

(3) Sheet-flood deposits. These constitute the bulk of the sedi- 

ments of the Badlands and are normally clays not thoroughly consoli- 

dated, except where they have been old land surfaces for considerable 

periods, and have given rise to nodular or “caliche” beds by the 

drawing up of ground water to the surface where it evaporates, leav- 

ing its mineral content as a cement for the clays. 

(4) Volcanic ash beds. The term “‘ Leptauchenia Clays” is in- 

appropriate, as the Leptauchenia beds consist essentially of pumice 

and volcanic glass fragments, connected with the eruptive action of 

the Cordilleran district during its Tertiary orogenesis. That this ash 

is probably wind-carried and water-laid, or, at least, reworked by 

water into essentially horizontal beds of sheet-flood deposition, is the 

conclusion reached from the strongly marked horizontal bedding of 

these beds, and the absence of cross-bedding. 

(5) Eolian deposits. There are few traces of wind-blown sands 

in the White River in the area investigated, but one bed has been 

found in the lower part of the Leptauchenia series in the Sheep 

Mountain section which seems to be mainly a dune sand, and the 

sands of the Rattlesnake Butte sand calcite locality are apparently of 

dune origin, as described by the writer in another paper.® 

These various types of deposition may now be discussed in some- 

what greater detail. 

THE CHANNEL SANDSTONES, 

Numerous typical sandstones from Titanotherium, Metamynodon, 

and Protoceras channels were examined. The amount of calcareous 

cement varied from 14 to 39 per cent., averaging about 25 per cent. 

In one sample of coatse Titanotherium sandstone, in addition to 26 

per cent, of calcareous cement, the grains were found to be embedded 

in a matrix of chalcedony which may have constituted 10 or 15 per 

8 American Mineralogist, Vol. 7, No. 5. May, 1922. 
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cent. of the whole. Another sandstone sample, not directly connected 

with a-channel, was nearly uncemented and crumbled readily in the 

hand. This showed only 2 per cent. of calcareous cement. 

As for mineral composition, the grains show very definitely 

their derivation from the pre-Cambrian schists and pegmatites of the 

Black Hills. The quartz grains are ordinarily between 80 and go 

per cent. of the total sand and show frequent mineral inclusions, 

mainly biotite and tourmaline, which, according to Sherzer,® are, as 

a general rule, characteristic of gneisses and schists. The coarser 

sandstones contain a larger proportion of fresh, non-kaolinized feld- 

spar than is found in the finer silts and clays of the series. Of the 

grains determined, microcline is the most abundant species; pink 

orthoclase is next in abundance and the plagioclase feldspars are quite 

rare, albite and oligoclase-andesine being determined. The feldspars 

averaged from 5 to I5 per cent. of the sands. Of the micas, white 

mica and brown mica (muscovite and probably biotite) are the most 

abundant, but green and black micas also are frequently present. The 

micas are most abundant in sands with small grains and evidently 

_were laid down in quieter shallows away from the main current of 

the streams. They may total 1 or 2 per cent., but rarely more. 

The heavy residues are more abundant and of larger grain in the 

coarser conglomeratic phases of the sandstones which contain occa- 

sional large quartz and feldspar pebbles. These were evidently 

formed where the current was strongest, as the finer sediment could 

not come to rest. The most abundant of the heavy minerals is a 

pink garnet which generally occurs in good rhombic dodecahedrons 

or combinations of these with tetragonal trisoctahedrons, or in sharp 

angular fragments of these crystals. In one sample where the heavy 

concentrate constituted 3 per cent. of the total sand, the garnet was 

nearly 9o per cent. of the concentrate. The other abundant heavy 

mineral is tourmaline, either the black massive variety of pegmatites 

(schorl) or very small, long prisms of dark brown and green color. 

The tourmaline never occurs in rounded grains in these sediments. 

Magnetite is present in some sands to 0.1 per cent. or occasionally 

more. It is usually in very fine well-rounded grains resembling in 

® Bull. Geol. Soc. America, Vol. 21, 1910, p. 638. 
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appearance small particles of shot. Staurolite as angular, orange to 

brown grains is almost always present with the garnet. Other min- 

erals identified in smaller quantities are: Augite (light green grains), 

rare; pyrite, very rare; hematite, apatite, and amblygonite (lithium 

phosphate). Other metallic nonmagnetic grains are perhaps cas- 

siterite, wolframite, or columbite, all of which are common minerals 

of the pegmatite dikes of the Black Hills. In the coarser sandstones 

are found small pebbles of quartz-schist, quartz-sericite schist, and 

garnet-biotite schist, and a few pebbles of very fine-grained slates. 

The evidence of the composition of the sandstones, as to the de- 

rivation of their material, is in full accord with the evidence of the 

direction of the channels, which lead away from the central granitic 

core of the Black Hills. Garnet, staurolite, the various schist peb- 

bles, and quartz with inclusions point to derivation from the Algon- 

kian schists and slates of this central core, and the tourmaline, ambly- 

gonite, and cassiterite (if present) point to derivation from the peg- 

matite dikes of the same district. The microcline, augite, and apatite 

are accessory constituents of the sands and may well have had a 

similar source. 

The channels are evidently of different ages, as shown by their 

different stratigraphic positions in the accompanying sections, and 

some horizons seem to be cut by no channels through their whole 

visible extent. The upper nodular layer is an example of this. 

A sample of the channel sand from the stream bed of Battle 

Creek, near Keystone, in the center of the Black Hills pre-Cambrian 

core, and within 5 miles of Harney Peak was collected and examined. 

It corresponds very closely in mineral composition to the stream- 

channel sands of the White River, but differs in the proportion of 

minerals present, and is generally of coarser grain, “ontaining more 

garnets which may reach 30 per cent. of the total sand and more 

schist pebbles. This would be expected, as the stream is flowing 

through a garnet-mica schist terrane where the sample was collected. 

This may be regarded as confirmatory evidence of the Black Hills 

derivation of the material of the channel sandstones. 

FRESH-WATER LIMESTONES. 

At various levels through the Titanotherium and Lower Oreodon 

beds are thin sheets or lenses of white limestones. These are some- 



WANLESS—LITHOLOGY OF WHITE RIVER SEDIMENTS. 195 

times in the form of algal ball levels made up of a series of flattened, 

oval-shaped balls which are often quite persistent. Elsewhere thin 

sheets of silicified limestones occur in which the original organic char- 

acter has been almost destroyed by replacement by secondary silica. 

Such a sheet as this is sometimes quite persistent at the contact of the 

Oreodon and Titanotherium beds and, as elsewhere indicated, was 

used by Darton in defining the contact plane of these two horizons. 

A third type of limestone forms a lens-shaped solid sheet a few acres 

in extent. This type develops a limestone as much as 3 feet thick 

and is quite rich in organic remains, especially the shells of cyprids. 

This latter type undoubtedly represents a small pond on the surface 

of the flood-plain. Small pelecypods and gastropods are visible in 

this, but the fauna has not yet been described. It is believed that one 

reason for the silicification of the limestone is the solution of the 

siliceous shells of diatoms and replacement of the lime by this dis- 

solved silica and also the solution of the limestone by ground water 

and replacement by colloidal silica. The fact that the limestone was 

in large measure formed by the action of fresh-water algz was first 

suggested by Sinclair in 1920 for the algal ball type of limestone.*® 

The presence of algz has since been recognized in the other types of 

limestone mentioned above. The amount of lime in these beds is very 

variable, from 5 per cent. in the silicified cherty layer at the base of 

the Oreodon beds to 95 per cent. in one of the massive lenses of 

limestone. 

The detrital material in the limestones showed the presence of 

fragments of quartz, biotite and tourmaline, and of pumice needles 

and angular volcanic glass fragments, suggesting that the detrital 

deposition in the ponds was probably by wind. It may be that the 

thinner sheets of algal limestone do not represent pond deposits, but 

were formed in moist meadow lands under prairie conditions. 

NopuLarR LAYERS. 

The presence of nodular layers is of great interest to the pale- 

ontologist, as it is in them that vertebrate remains are best preserved. 

In some localities the nodules occur more or less isolated, but more 

often they are found as broad sheets and as such have a remarkable 

continuity, 

10 Amer. Puitos. Soc., Vol. 40, 1921, p. 460. 
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The essential difference between the composition of the caliche 

levels and that of the other parts of the clay series is in the proportion 

of calcareous cement. Samples of the upper and lower zones of rusty 

nodules analyzed gave, respectively, 51 and 37 per cent. soluble cal- 

careous cement. A nodular layer (not caliche) of more sandy char- 

acter, but of uncertain origin, in the upper 50 feet of the Oreodon 

beds, exposed only in the Sheep Mountain sections, contains 30 per 

cent. of soluble cement. The average amount of soluble cement of 

the clays of the White River series is from about 5 per cent. in the 

Titanothere beds to 15 per cent. in parts of the Oreodon series. The 

caliche nodular layers were doubtless cemented at or near the surface 

by ground water rising by capillary attraction and depositing the cal- 

cium carbonate when it evaporated. Thus the bones of animals which 

happened to be near the surface at this time were protected from dis- 

integration. The clay forming the nodular layers was originally a 

fine-grained flood-plain deposit which persisted as a land surface for 

a considerable period of time and probably indicates a period of 

greater aridity, by reason of the breaks in deposition, evidence of 

evaporation, etc. The nodular layer has in the presence of coprolites 

of carnivorous animals and rodent-gnawed bones absolute proof of 

subaérial deposition. Many of the bones found are also of a decid- 

edly weathered appearance much as are bones of modern animals 

weathering on the surface of the Badlands today and occasionally 

buried in silt. Further proof of subaérial deposition was recently © 

found during the preparation of a Cenopus skull collected in the 

lower zone of rusty nodules, a large number of casts of insect larval 

burrows being found within and around the skull, suggesting that it 

had lain on the surface for some time before burial and the meat had 

been devoured by the scavenging insects, which subsequently bur- 

rowed for pupation in the mud investing the skull. It has not been 

possible yet to determine to what form these insects belonged. The 

great continuity of the nodular layers, which has been mentioned 

above, implies a very level surface controlling evaporation, which was 

. cut here and there by shallow winding stream channels, which may 

have carried running water only in flood time. A uniform climatic. 

factor, probably a period of greater aridity, was one of the most im- 
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portant elements in the formation of the caliche nodular levels. The 
part which climate played in the color-banding of the Oreodon clays 
has not yet been determined. 

The clays making up the nodular layers resemble the normal clays 
very closely. They contain very finely divided silt from the decom- 

position of the feldspars of the Black Hills, and small angular frag- 

ments of quartz of a size smaller than the lower limit of rounding by 

water. Flakes of brown mica are frequently seen. Fragments of 

pumice and volcanic glass were recognized in all samples studied and 

sometimes make up an appreciable per cént. of the total clastic mate- 

rial. These were wind-carried and water-laid, as demonstrated by 

the marked horizontal bedding of the nodular layers and the absence 

of cross-bedding. 

Votcanic AsH Beps. 

_ The Leptauchenia beds consist largely of a well-consolidated white 

fine-grained rock, which weathers with a marked vertical columnar 

appearance, giving rise to sheer cliffs up to 200 feet high. This 

seems to consist very largely of volcanic glass and pumice. The 

pumice shows numerous capillary tubes in parallel arrangement which 

are sometimes deformed by flowage (indicated by strain polarization). 

There are also throughout the mass long hair-like needles with capil- 

lary tubes in the center resembling superficially Pele’s hair. With 

the material of volcanic derivation there are also small fragments of 

mineral matter of the texture of silts. The grains are not rounded 

and are mostly too small to be rounded by water. Quartz and biotite 

are the most common of these mineral fragments, and feldspars and 

tourmalines were also recognized. A sample of the sand from the 

White Ash layer, division (b) of the beds as described above, which 

contains about 90 per cent. glass or pumice fragments, was analyzed 

by Professor A. H. Phillips, of Princeton University, with the fol- 

lowing result: 

rea GEE nce seas peice 68.21 MeO: Sew 1.13 

ME etnias o's ceo 0.32 EAP ET ere 5 Es 4.41 

eS e Lk, cist aot 10.97 ER ais alias ate hues hae 3.13 

MU esse ss caeed ces 2.89 \ ag seep eign Oe SG RS none 

BE CU rie epives beses 0.13 BO Sti: tas 5.01 

OE Te re ees 0.12 HO: B10? 5 i0k5 ches ek 3.05 
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Calculated in terms of norms as described by Iddings,™ this glass 

is a rhyolite with the following standard mineral composition: 

RICTNOCISNE . 0005 ceueenes 28.36 EUIGOMOG ss) 5/00 value tees 2.38 

Albite see 28.82 Dat icc ke ake 2.00 

Anorthite? sii co. de eek 2.78 PIMURIEE es. ete RE 0.60 

Ouiarte .. .'.. tires evar vi 31.93 POOR os dains ites 3.13 

In some specimens of these ash beds small cavities and irregular 

cracks are lined with needle-like crystals of a zeolite, apparently 

mordenite, of the composition (Ca, Na, K),AI,Si,,O,,. 64%4H,O, with - 

a mean index of refraction of 1.465 and a very low double refraction, 

about .005. This was probably formed as a result of slight hydro- 

metamorphism by alkaline solutions deriving their soluble content 

from the volcanic ash on which they reacted. . There is little chance 

of thermal metamorphism, as the ash should have been thoroughly 

cooled after transportation several hundred miles in the air. The 

cavities in which these zeolites have crystallized are not solution cavi- 

ties, but more probably shrinkage cracks. The index of refraction 

of the glass and pumice was found to vary between 1.495 and 1.505. 

The composition of the zeolite is very similar to that of the ash, and 

it is probably a recrystallization of material derived from the glass 

and pumice. 

In making the analysis of the ash, Professor Phillips found that 

after being dried at 110°, to remove the absorbed moisture, on stand- 

ing in the air the ash took up about 3 per cent. of water very readily. 

This strong hygroscopic character is probably due to the attraction of 

the capillary tubes of the pumice fragments for water, and may 

account in part for the resistance to weathering of the ash beds, as 

described above. 

THE Cray Bens. 

The greater part of the White River formation is not made up of 

the more interesting types already described, but rather of very fine 

silt horizontally bedded and color-banded pale pink or brown and pale 

green. These constitute all of the Oreodon and Titanotherium beds 

except the nodular layers, channel sandstones, and limestone lenses. 

Their minerals are generally so fine grained as to be difficult of 

determination, but fine angular fragments of quartz, more or less 

11 “ Teneous Rocks,” Vol. I., pp. 435 on. 
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weathered feldspars, and mica foils can be detected in all samples, as 

well as occasional fragments of pumice and volcanic glass. The latter 
fact shows that showers of volcanic dust were being deposited 

throughout White River time, but first became the dominant source 

of sediment at the beginning of the Leptauchenia beds stage. The 

clay beds represent the normal sheet-flood deposits of a level country 

and probably are mainly formed of kaolinized feldspars from the 

granites and pegmatites of the Harney Peak mass, as well as from 

decomposition products of other minerals less stable in the zone of 

weathering. 

As mentioned above, the profiles developed on the Oreodon clays, 

as a rule, have steeper slopes and a more angular appearance than 

those developed on the Titanotherium beds which weather with gentler 
slopes and more rounded surfaces. The chemical tests suggest that 

this is due to a difference in the amount of calcareous cement in the 

two series. The samples of the Oreodon clays averaged Io to 12 per 

cent. soluble cement, while the Titanotherium clays averaged only 

about 4 per cent. 

V. EvmeENceE FROM SHAPES OF SAND GRAINS. 

Inasmuch as the method of transportation and deposition of sands 

can often be definitely established by the shapes and average sizes of 

sand grains, a study of this feature of the White River sands was 

attempted. . : 

The channel sands, as a rule, have large rounded grains, but the 

smaller grains are almost all angular and with sharp conchoidal frac- 

ture. This is because grains with a diameter less than 0.1 mm. are 

coated, while submerged, with a film of water which prevents one 

grain coming into physical contact with another, and thus prevents 

abrasion. _On the other hand, the air forms no such cushion for the 

smaller grains, and thus wind-rounded sands may show rounded 

grains down to the finest sands present. The only sample of sand 

found in the White River which showed thorough rounding even to 

the finest particles is a fine-grained sandy silt occurring 11 feet above 

the base of the Leptauchenia beds in the Spring Draw section, Sheep 

Mountain. This sand has well-rounded grains even in the smallest 

sizes and contains a notable amount of magnetite and green horn- 

PROC. AMER, PHIL, SOC , VOL, LXL., O, NOV. 17, 1922. 
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blende, minerals which were not abundant in the ordinary channel 

sands. The garnets contained in the sand are also well rounded. 

This bed, which is apparently thin and local, evidently represents dune 

sand deposition. The sands rounded in stream channels have bright 

surfaces, while those rounded by wind action generally are dull or 

show etched or pitted surfaces. The sands of the base of the Lep- 

tauchenia bed in the Sheep Mountain section, mentioned above, show 

dull and pitted surfaces, confirming their eolian origin, 

Another excellent example of round-grained dune sand of later 

age than White River is found in the sand grains of the sand-calcite 

at Rattlesnake Butte, Washington County. The crystals contain 

about 37 per cent. calcite, crystallizing as perfect scalenohedrons, and 

contain perfectly rounded sand grains. down to the finest present. 

The quartz approaches spherical shape, the feldspars are generally 

larger grains and not quite so well rounded. The pink garnets are 

round. The green hornblende grains are nearly all elliptical in out- 

line, prisms with the corners rounded. Zircon appears as fine yellow 

grains, about one fourth the size of the average quartzes. Round 

fragments of volcanic glass have also been found in this sand. The 

surfaces of the grains have a dull or ground-glass appearance due to 

wind abrasion, 

By a study of part of the White River in eastern Colorado, Mat- 

thew’? came to the conclusion that the White River was largely of 

eolian origin. A sample of silt from the Oreodon beds of Lewis 

Creek, Colorado, in the area investigated by Matthew, was examined 

by the writer and was found to consist largely of fine dust with 

much volcanic material (pumice and glass) and some of the quartz 

grains well rounded. It was evidently mainly of eolian origin. Mat- 

thew points out that in much of the fossil material from the White 

River of northeastern Colorado the “hollows in the bones (such as 

the cellular hollows in the skull . . ., the tympanic bulle . . ., etc.) 

are still empty, never having been filled by mud or crushed in.” ?* 

He points out that this could not happen if the bones were fossilized 

in such a body of water as a lake, as the weight of water and overlying 

sediment would either fill in the cavity with mud or crush the skull. 

12 Matthew, Am. Naturalist, Vol. 33, 1809, pp. 403-408. 

13 Matthew, Am. Mus. of Nat. Hist. Memoirs, Vol. I., p. 365. 
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Thus it seems that while the White River may be mainly of eolian 

origin-in Colorado as Matthew has decided, it was mainly deposited 

by fluviatile agents in the South Dakota section. The writer’s con- 

clusion is that in the sections of the Big Badlands investigated eolian 

deposition is unimportant, though locally present. 

VI. EvipENcCE oF GRouND WATER CIRCULATION. 

Though the clay beds of the Badland district seem to be nearly 

impervious to water, there are abundant evidences of deposition and 

replacement by the action of ground water. The formation of caliche 

nodules by deposition of calcareous cementing material with the evap- 

oration of the water at the surface has been referred to. 

Throughout the Big Badland district are veins of blue chalcedony 

in vertical cracks in the clays. These were probably deposited in 

shrinkage cracks. Other fissures filled with sandy silts or sandstones 

occur frequently through the Badlands, but most abundantly in the 

Leptauchenia beds. These filled fissures are often more resistant 

to weathering than the surrounding clays and stand out in relief as 

sandstone dikes. Often the sandstone dikes were bordered on each 

side by chalcedony veins, and in one case there were two or three 

veins of chalcedony on the same side of the dike, indicating repeated 

opening of the fissure. The chalcedony veins ordinarily vary in 

thickness from one quarter inch to three inches and show evidence 

of gradual filling of the cracks from the two walls. Sometimes the 

whole vein is silica, but in many cases, specially in the wider veins, 

well-formed crystals of calcite have formed in the center of the vein, 

evidently as the last stage of deposition. Sometimes the center of 

the vein remains open. Occasionally large bell-shaped concretions of 

chalcedony up to a foot in diameter are formed in the clay. Chal- 

cedony of similar nature is found filling the marrow cavities of fossil 

bones and the pulp canals of teeth. An interesting case was noted 

by the writer in a bone in which the lower part of the marrow cavity 

was filled with fine silt, evidently worked in soon after deposition, 

and the rest of the cavity was filled with chalcedony. In several cases 

chalcedony veins were found to cut directly through fossil skulls. 

Generally no hardening of the clays adjacent to the chalcedony veins 

is observed, showing that the deposition was from cold water. Some 
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diffuse cementation of the clays by colloidal silica in the vicinity of 

chalcedony veins is occasionally noticed, rapidly wearing the edge off 

the chisel used in the preparation of a specimen. 

In many places the basal titanotherium beds contain a series of 

about 30 feet of clay of blue, lavender, and pink colors when fresh, 

weathering to a limonite brown and hematite red. This clay is clearly 

derived from a reworking of the Pierre shale material and even con- 

tains Pierre shale fossils, as Baculites, Inoceramus, etc., which are 

remanie or redeposited as first reported by Loomis.** In places 

‘where this series is absent, the silts or sands resting directly on the 

Pierre shale are almost always colored a bright pink color, and on 

examination the clay particles are seen to be strongly colored by the 

red oxide of iron. 

The uniform presence of these iron-colored beds at the base of 

the more or less pervious Titanotherium beds and directly above the 

impervious Pierre shales is evidently a case of iron dissolved out of 

the White River series and redeposited and concentrated at the limit 

of downward circulation along the Pierre shale contact. 

VII. Conctusions DRAWN FROM THE LITHOGENETIC EVIDENCE. 

From the evidence above presented one can draw a fairly good 

picture of the physiographic conditions at the time of the deposition 

of the White River beds. 

The country was very level, with a gradual slope away from the 

Black Hills uplift, as evidenced by a slight initial southeast and 

easterly dip of the beds. The Black Hills were probably still being 

elevated, but already were sufficiently high and eroded to furnish 

clastic material from the pre-Cambrian central core. 

Fairly sluggish streams meandered across the plain in shallow 

channels and frequently spread widely out upon the plain when in 

flood, depositing thin sheets of fine silt. Gradually increasing vol- 

canic action in the Cordilleran region and perhaps in the northern 

Black Hills furnished a growing supplement to the clastic material 

from the hills, until in the Leptauchenia stage this source became 

predominant. It is possible that the statements of Ransome, Schu- 

chert, and others that the Oligocene represents a lull in the uplift and 

14 Science, Vol. 19, p. 254. 
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vulcanism through the Tertiary Cordillera between the periods of 

storm-of the Eocene and Miocene will have to be amended. The 

presence of a 200-foot bed mainly of volcanic glass and pumice 80 

miles away from the nearest possible source of volcanic ejecta, and 

more likely 200 to 400 miles distant from the eruptive volcanoes, 

would hardly seem to indicate a period of quiet. Professor Sinclair’s 

description of a considerable thickness of andesitic tuffs and breccias 

of Titanotherium beds age in the Wind River Basin of Wyoming 

south of the Bridger-Owl Creek Range, is interesting in this con- 

nection.*® 

The only evidence of vegetation found fossilized so far in the Big 

Badlands are a few hackberry seeds (Celtis), but Hatcher reports the 

remains of a forest 12 miles north of the mouth of Corn Creek. 

The plain was here and there dotted with small ponds in which fresh- 

water alge and cyprid crustaceans were building up the limestone 

beds of the series. 
Thus we have a general picture of the environment of one of our 

finest Tertiary mammalian faunas. 

GRADUATE COLLEGE, 
Princeton, N. J. 

15 Bull. Am. Mus. Nat. History, Vol. 30, 1911, pp. 99-102. 



YELLOW FEVER AND FISHES. 

By C. H. EIGENMANN. 

(Read April 22, 1922.) 

If it were not for the little fishes, many parts of tropical America 

would be uninhabitable. This is the excuse I have made, when an 

excuse was necessary, for devoting all the time I could steal from my 

family, my students, and my institution to gathering and contemplat- 

ing the fishes of the rivers and lakes of South America. But pure 

research no longer needs to apologize, because it has resulted in many 

cases in unexpected, but lasting, benefits to man. 

I was trying to explain the evolution and distribution of the South 

American fishes to a young manufacturer of veneer fruit boxes. 

“You must excuse me,” he replied, “but that seems like mighty 

piddling business to me.” I have sometimes been inclined to agree 

with him. 

Yellow fever has been prevalent in Panama and Guayaquil, on 

the coast of Ecuador, almost ever since the places were settled. The 

French failed in building the Panama Canal on account of the fevers 

that killed their men. The hospitals were full. It has been reported 

that to keep ants from crawling up the bed-posts they were set in 

dishes of water. Later it was found that mosquitoes bred in the 

dishes of water, and that these mosquitoes carried the fever germs 

from patients to well persons. The unrestricted breeding of mos- 

quitoes made success impossible. 

General Gorgas cleaned out the mosquitoes in Cuba and in Pan- 

ama. In doing so he not only made the Panama Canal possible, but 

did far more in demonstrating that the worst pest-holes in the tropics 

can be made habitable to man of the temperate zone. 

Guayaquil was perhaps the worst of all places in South America. 

Yellow fever always existed and frequently there were outbreaks that 

closed the port. 

1 Contribution from the Zodlogical Laboratory of Indiana University, No. 

193. 
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General Gorgas was called to Guayaquil and he started a campaign 
against-the mosquitoes. The yellow-fever mosquito is domestic, liv- 

ing in the huts and houses of men. In many places drinking water 

is stored in rain barrels. In these the mosquitoes breed. Each fam- 

ily rears its own fever mosquitoes. It would be easy to keep mos- 

quitoes from breeding by covering the water with a film of oil. But 

the native will have none of it. It was found that a fish in each 

barrel keeps the water free from mosquitoes and thus prevents the 

spread of yellow fever if a case is accidentally introduced. 

Various fishes were tried at Guayaquil and two were finally se- 

lected as best. They are the “huaijas” and the “chalacos” of the 

Guayaquil fishermen. They are abundant and easily obtained in 

Guayaquil. 

Recently I obtained specimens of both sorts and found that they 

are old friends, long known to naturalists as Lebiasina bimaculata, 

and as Dormitator latifrons. The latter, the “ chalacos ” of the fisher- 

men, is a chuckle-headed fish, of the family Gobiide. It reaches a 

length of over a foot and lives principally in the mouths of rivers in 

the area affected by the tide, all the way from Guayaquil to Cali- 

fornia. It is therefore available to exterminate mosquitoes in barrels 

all along the fever-infested coast of western tropical America. A 

close relative, Dormitator maculatus, lives in the same sort of places 

in the West Indies and on the Atlantic side of the tropical mainland. 

The “huaijas” (Lebiasina bimaculata) should in time become 

even a much more valuable fever eradicator, because it is adjusted to 

live in much higher altitudes than the chalacos. I have caught it all 

the way from sea level to 7,000 feet elevation. It can, therefore, be 

used in the entire fever belt, for yellow-fever mosquitoes do not reach 

as high as 7,000 feet. I have caught it in great numbers in the most 

unlikely places. At present it is known to inhabit only the rivers 

from Lima, Peru, to the region of Guayaquil. It should be possible 

to introduce it in all the tropical parts of America. Related species 

extend as far north as Panama. 

I became acquainted with it in Lima and later caught it inland 

from Paita. About Lima it is known as “liza de agua dulce,” or 

sweet-water mullet. It is used as an aquarium fish in Lima and is 
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found in the branches of the Rimac near the bank of the river oppo- 

site the city and probably in all the pools near Lima. I found great 

quantities in the foul, knee-deep pools and ponds near Puenta Piedra 

along the railroad between Lima and Ancon, at Chosica, a health 

resort inland from Lima, and a native caught some very small ones 

for me at Matucana at an elevation of over 7,000 feet. 

At Piura, in northern Peru, where during the dry season the river 

had been reduced to a few pools, in which the fishes had become 

concentrated, I caught them in great numbers. A few miles farther 

south, in the Jequetepeque River, I got them up as high as Llfallan. 

The only drawback to this species is its tendency to jump out of the 

barrels in which it is placed. 

These are not the only fishes that eat mosquito larve. In the 

cisterns of Guayaquil the “millions” are used. The “millions” are 

minute fishes that came originally from Trinidad or Barbados. The 

males and females are very different from each other and these fishes 

give birth to living young. They are called “ millions ” because if you 

put a pair of them in a pool “there will soon be millions of them.” 

They are very plentiful in Barbados and the absence of yellow fever 

from Barbados is credited to the “ millions,” which do not give the 

mosquitoes a chance. The “millions” have been transplanted far 

and wide and are usually part of every novice’s aquarium specimens. 

In the United States much has been accomplished in eradicating 

fever mosquitoes with Gambusia, a small fish which eats the larve 

of the mosquito. Mr. S, F. Hildebrand, of the U. S. Bureau of 

Fisheries, has had charge of this work for the United States Govern- 

ment and has met with very notable success. It seems that there 

are many fish eradicators of mosquitoes. Different ones are present 

in different parts of the world. In most places they need some 

assistance from man to reach the breeding places of the mosquitoes. 

It is said in Tampico that upon the appearance of a case of yellow 

fever the Standard Oil Company spent $3,000 per week to keep the 

waters oiled to suppress the mosquitoes until a small fish living in the 

very neighborhood of the plant was put to work and saved all of 

that expense. 

Of all of the fishes, the “liza de agua dulce” of Lima, or the 

“huaijas,” as it is called at Guayaquil, offers the greatest usefulness. 
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It can easily be caught, it can easily be transported, and will live at 

any altitude_in which the fever mosquitoes are likely to be found. ) 
With the chalacos available to control the mosquitoes along the 

coast and the huaijas to control them from the coast to several thou- 

sand feet, the means are at hand to entirely eradicate fevers from the. 

_ Pacific slopes of Tropical America. 

With the above paper, portions of a letter dated March 27, 1922, 

were read, from Dr. Henry Hanson, Director General of the “ Com- 

pafia Sanitaria Contra la Fiebre Amarilla en el Pert.” Dr. Hanson 

reported that he was sending specimens of six species of fishes with 

which experiments were made in mosquito control. He says in part: 

We found two to be very good larve destroyers. . .. I think our campaign 

has demonstrated that using fish is the only rapid method of handling a yeli- 

low fever epidemic. 

Dr. Hanson further reports that only two of the six species tried 

proved valuable. They are the fishes known locally as “chalquoque ” 

and “life,” pronounced 1é-fa. 

ADDENDA. 

The “chalquoque” is Lebiasina bimaculata C. & V., called “liza 

de agua dulce ” in Lima, and is the “ huaijas ” so successfully used for 

mosquito work in Guayaquil. It is found everywhere between Lima 

and Guayaquil, and in the Rio Rimac it is found from sea level to 

Matucana at over 7,000 feet. 

Another member of the genus is found in the Atrato and San 

Juan basins in Colombia. Species of a very closely related genus, 

Piabucina, are found from Guayaquil north to the Chagres. The 

species will be considered, several of them figured in a volume on the 

fishes of northwestern South America now going through the press 

(Mem. Carnegie Mus., 1X., 1922). The species are members of the 

Lebiasinine of the Characide. 

The “life” is Pygidium punctulatum piure E., recently de- 

scribed by myself from Piura. It is much of a surprise that this 

species proves to be a mosquito larva eater. It is, as far as known, 

restricted to northwestern Peru, but a close relative, P. punctulatum 

(C. & V.) is found in the Rio Rimac from the ocean to several 

thousand feet at least. It is the “bagre” of the Rio Rimac. The 
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name “bagre”’ is used almost everywhere in Latin America, but is 

applied to a great variety of different catfish-like fishes. If the 

“life” of northern Peru shares its habit of eating mosquito larve 

with the rest of the members of the genus Pygidium, it is a most - 

important discovery. Various species of Pygidium are found in all 

the mountain streams of South America and a few are found in the 

hot lowlands of the Amazon Valley. It belongs to a peculiar family 

of South American catfishes which are called “ bagre,” “ bagrecitos,” 

“capitan,” etc. I monographed the family. (“The Pygidiide, a 

family of South American Catfishes,”’ Mem. Carnegie Mus., VII., 

No. 5, pp. 259-398, Plates XX XVI-LVL., 1918.) 

In Arequipa I caught specimens of another species of “life,” 

Pygidium quechuorum, in such numbers that a devout passer-by ex- 

claimed, “ It exceeds the miraculous draft of St. Peter!” 

The underlying structure of most of the members of the family 

is the presence of spines on the opercle and interopercle and the pres- 

ence of two barbels at the end of the maxillary where other catfishes 

carry but one barbel. The underlying habit is their eel-like move- 

ments and their ability to hold an advance, once gained, by means of 

the spines on the head. They get under and between rocks, eel their 

way into holes, and can climb vertical walls. 

The queerest members of the family live as commensals or para- 

sites in the gill cavities of larger fishes, and some of them have gained 

an evil reputation and struck terror into the natives of the entire hot 

country by the reputed habit of entering the urethra of bathers, some- 

times requiring operations or causing death. 

Of the genus Pygidium about 70 species are known. They range 

from a few millimeters to 390 mm. in length and are found from 

sea level to at least 12,000 feet. They are abundant in and about 

Lake Titicaca. I caught them in southern Chili to northern Colombia 

and Guiana. They are also abundant in the mountain streams of 

southeastern Brazil. The other four species of fishes tried in north- 

ern Peru and sent by Dr. Hanson are: 

1. The “bagre.” This is Pimelodella yuncensis Steindachner 

confined to the rivers between Pacasmayo and Paita. It may be: 

found as far south as the Rio Santa. It is not found in the Rimac. 
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It may be found a little farther north than Paita, but it is not found 

as far north as~Guayaquil, where its place is taken by a related 
species, Pimelodella elongata (G.). The genus Pimeladella is very 

widely distributed in South America “from Buenos Aires to Guiana 

and Venezuela to the base of the Andes; west of the Andes from 

Peru to the Chagres River to Panama.” I published a monograph of 

the genus (“ Pimelodella and Typhlobagrus,;’ Mem. Carnegie Mus., 

Pstisburgh, VII., No. 4, pp. 229-258, Plates XXI-XXXV., 1917) 

with figures of most of the species. The Pimelodellas are small, 

long-whiskered catfishes and not much is to be expected of their per- 
formance as mosquito eradicators. 

2. The “tripon” is Curimatus peruanus E., a species recently 

discovered by me at Sullana. As far as known, it occurs only in the 

Chira River and at Chiclayo, where the yellow-fever commission 
caught it. I did not get it at Pacasmayo, only a few miles farther 

south. There are two other species of Curimatus in Guayaquil and 

five more in Colombia. 

The genus is very widely distributed in the hot lowlands east of 

the Andes. The species do not have teeth and nothing is to be ex- 

pected of them as mosquito larva eaters. They seem to feed on 

slime. There are 50 or more known species. I reviewed the group 

of the toothless Characins to which the genus belongs in 1889 (An- 

nals N. Y. Acad. Sct., 1V., pp. 1-32, 1889). 

3. The “ cachuelo” is Bryconamericus peruanus (M. & T.), found 

in all the streams between the Rimac and the Esmeraldas in Ecuador. 

In the Rimac it occurs from sea level to over 7,000 feet elevation. 

It should prove a valuable larva eater. A second species of the genus 

is found at Guayaquil. North of Guayaquil, in Colombia, several 

other species are abundant. The genus is widely distributed east of 

the Andes. It is a member of the Tetragonopterine of the Chara- 

cide. Among the Tetragonopterine there should be many species 

available for mosquito work. 

I found insect remains in the intestines of many of the species, 

some of which seem to specialize in the insects naturally blown into 

the river. The entire group of the Tetragonopterine has been mono- 

graphed. Most of the species have been figured. Three parts of the 
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monograph have been issued, the fourth is in press (Mem. Mus. 

Comp. Zodlogy, XLVII., Cambridge, Mass., 1917, 1918, 1921). 

4. The “mojarra” is Aequidens rivulatus (G.) of the Cichlide. 

The family is abundant from Texas south. There are seventeen dif- 

ferent species of the family between Pacasmayo and Panama. Only 

the present species is found in Peru. I found it very abundant in 

pools in the river bed at Piura and in the Jequetepeque River. It is 

a very active fish with the habits and general appearance of some of 

our North American sunfishes. 

Additional specimens of fishes used in Guayaquil in yellow-fever 

work were received early in June, 1922, from Dr. W. Pareja, Di- 

rector de Sanidad, Guayaquil. 

Part of my letter of June 5, 1922, to Dr. Pareja follows: “I 

hasten to inform you that the ‘ millones’ are Acanthophacelus reticu- 

latus (Peters). These little fishes are native in Barbadoes, Trinidad, 

and along the coast streams of Guiana and Venezuela. They have 

been widely distributed for mosquito work. 

“The ‘chatas’ are Astyanax feste (Boulenger). This fish has 

only been taken in the Chone, Portoviejo and the Guayas basins, all 

in Ecuador. | 

“The ‘brejas’ belong to two species: (a) Curimatus troscheli G. 

is a lowland fish found only in the Guayas basin and reaches a length 

of 203 mm. (b) Prochilodus humeralis G. is similarly confined to 

the Guayas and reaches 280 mm. Other species of the genus Prochi- 

lodus called ‘ boca chica’ are found in countless millions in the Atrato 

and Magdalena rivers of Colombia and all through the east from the 

ocean to 3,000 feet. They grow to a considerable size (390 mm.) 

and are dried and sold to the laborers of Colombia for food.” 

This account may well be closed with an extract from a letter 

received from Dr. Hanson, mentioned above. It is dated June 9, 

1922: 

“Tt appears that the fact that the ‘life’ is an effective larve con- 

sumer is well established by the fact that in the Province of Santa 

we did nothing except distribute fish in all containers, and did not 

attempt to throw out or filter any of the water which contained great 
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numbers of Stegomyia larve. We used the life almost to the exclu- 

sion of other fish because it is hardier and does not have the jumping 
tendencies of the chalquoque and other fish. The other fish which 

we sent up were rather too delicate to suit the conditions with which 

we had to contend. We found many of them dead on reéxamining 

the container some days after the first distribution. This did not 

occur with the life where it had any reasonable care. 

“We secured more than 1,000,000 of these fish, 80 per cent. of 

which were lifes. We have records of the distribution of 857,561 

fish. 

“Fortunately we feel certain that we have the question of yellow 

fever completely dominated in Peru and we believe on the entire 

Pacific coast of South America.” 

ZoOLocIcAL LARORATORY, 

UNIvERSITY oF INDIANA. 



ARC SPECTRA AND IONIZATION POTENTIALS IN 

DISSOCIATED GASES. 

By K. T. COMPTON, 

(Read April 21, 1922) 

The great complexity of spectra is due, in part, to the fact that the 

molecules may exist in various states of association, dissociation, and 

ionization, each type of molecule or atom giving rise to its own char- 

acteristic spectrum. A discovery of the exact state of the atom or 

molecule giving rise to each part of the spectrum of a substance is 

of great importance as regards both the theory of spectral emission 

and the theory of atomic and molecular structure. At the Palmer 

Physical Laboratory this problem is being attacked from three dif- 

ferent angles. This paper presents some discoveries made by two of 

these methods and discusses their significance. 

HyDROGEN. 

Bohr’s theory is believed satisfactorily to account for the known 

properties of hydrogen atoms. Hydrogen ordinarily exists, however, 

in the form of diatomic molecules, whose properties have not been 

adequately explained by any hypothesis of molecular structure yet 

proposed. Those properties of the hydrogen atom which Bohr’s 

theory explains are the series spectrum and the energy required to 

produce radiation or to ionize the atoms, commonly expressed as 

radiating and ionizing potentials, respectively. Other radiating and 

ionizing potentials and another type of spectrum are believed to be 

due to hydrogen molecules. In no case has there been direct and 

definite evidence as to which type of spectrum is due to the atom and 

which to the molecule, although sufficient indirect evidence is at hand 

to ascribe the series spectrum to the atom and the secondary spectrum 

to the molecule with considerable certainty. There has been no 

experimental evidence at all as to which entity to ascribe each radi- 

ating or ionizing potential observed in hydrogen. . The assignment of 

212 
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particular critical potentials to atom or molecule has been justified by 
the degree_of consistency with probable processes of dissociation, 
radiation, or ionization. The present investigations have yielded 
definite and direct experimental evidence on the above points and 
have thrown new light on the nature of low voltage arcs and on the 
manner of excitation of the spectrum. 

Low Voltage Arc in Hydrogen. 

Dr. O, S. Duffendack has studied the relation of voltage to arc 

currents and spectral excitation. The arcs were produced in gas at 

pressures between 0.5 and 5.0 mm. between two electrodes, as shown 

in Fig. 1. AB was a tube of thin tungsten foil, which could be 

B C 

Fig. 6 

heated by a current through water-cooled leads. CD was a 20-mil 

tungsten wire passing axially through the tube and also electrically 

heated. The potential drops across the tube and the filament could 

be adjusted to practical equality, so that they behaved as equipotential 

electrodes to electrons emitted from the wire and drawn to the tube 

by an applied difference of potential VY. The tube was 30 mm. long 

and of 3.7 mm. radius. Ionization of gas within the tube was de- 

tected by increase of current J between the electrodes, and the spec- 

trum of the excited radiation was observed through an open end of 

the tube. 

With the filament heated to a bright incandescence, but with the 

tube relatively cool, the current-voltage variation is illustrated by 

Fig. 2. From curve (a) it is seen that the current first is very small 

and increases slowly with voltage until the ionization potential, about 
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16.3 volts, is approached. Ionization is first detected a couple of 

volts below this because the electrons are emitted from the filament 

with small initial speeds. When the current has increased to a certain 

value, the arc strikes, with a sudden large increase in current, at a 

voltage higher than the minimum ionizing potential. As the voltage 

is then diminished the arc persists down to the minimum ionizing 

potential, but breaks at this voltage. If the filament is hotter, so as 

to emit more electrons, as in curve (b), the arc strikes at a voltage 
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nearer the ionizing potential and still breaks at this voltage. In no 

case was it possible to produce or maintain the arc at a voltage less 

than the minimum ionizing potential, about 16.3, except for a very 

small amount depending on the temperature of the filament, due to 

the initial energy of emission, and easily allowed for. 

When the outer tube was very hot, the conditions were quite dif- 

ferent, as seen by Fig. 3. The initial current is larger, there is ioniza- 

tion beginning at about 10 volts, and stronger ionization at about 14 

volts. In curve (a) the arc struck and was maintained at about 13.8 
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volts, while in curve (b), with the tube still hotter, the arc struck at 

about 10.0 volts, and there was no indication of further ionization 

near either 14 or 16 volts. 

The essential difference between these two cases lies in the fact 

that in the latter cases the tube was sufficiently hot to completely dis- 

sociate the hydrogen inside it into atomic hydrogen. Thus the criti- 

cal potential 16.3 is the ionization potential of hydrogen molecules, 

whereas 13.6 volts is that of hydrogen atoms. The critical potential, 

10.1 volts, is also due to atomic hydrogen and is shown later to be 
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due to excitation of radiation from the atoms. That this radiation 

results in ionization is probably due to a “ cumulative” effect—atoms 

being struck by electrons while they are in a partially ionized state 

because of absorption of energy of radiation from neighboring atoms, 

The above experiments do not fix the values of the critical poten- 

tials as accurately as do the experiments by the following method, but 

they do determine beyond all question the sources of the observed 

effects. These are the first laboratory experiments to be performed 

in an atmosphere of atomic hydrogen. 

PROC. AMER. PHIL SvCc., VOL. LXI, P, NUV, 17, 1922. 
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Incidentally the character of the current-voltage curves yields 

knowledge of the processes which produce the arc. At voltages so 

low as to avoid ionization the current is due entirely to the electronic 

emission from the filament, and this is limited to a very small value, 

independent of the temperature of the filament, provided it is high, by 

the negative space charge of the electrons immediately surrounding 

it." When ionization occurs each positive ion, drawn toward the 

filament, neutralizes the space charge of about 243 electrons and thus 

permits the escape of that additional number. This large number of 

electrons liberated by each positive ion is due to the relatively small 

speed with which the heavy positive ion moves through the region of 

space charge. ‘The current increase is therefore due not so much to 

the addition of ions by ionization as to the effect of- the positive ions 

in permitting the escape of many more electrons from the filament. 

Thus the current increases with increasing voltage until it approaches 

the thermionic saturation current characteristic of the size and tem- 

perament of the filament. Then there are no longer sufficient elec- 

trons to neutralize the effect of the positive ions near the filament so 

that the space charge changes from negative to positive, creating an 

accelerating field for the emitted electrons and giving the saturation — 

thermionic current plus the ionization current. This is the are. It 

is characterized by its sudden appearance and by the concentration of 

luminosity in the region very near the filament, where the principal 

portion of the potential drop occurs, with positive space charge. 

Excitation of the Hydrogen Spectrum. 

In molecular hydrogen there was no visible spectrum until the arc 

flashed in at or above 16.3 volts. Then there appeared the Balmer 

series lines and part of the secondary, or band, spectrum. The part 

appearing was Group I., of Fulcher’s Classification,? which includes 

those lines which show little intensification with increasing voltage. 

These lines are also those which show no Zeeman effect and are 

apparently the ones which Merton found not to be enhanced by the 

admixture of helium with the hydrogen.® 

1 Langmuir, Phys. Rev., 2, p. 543, 1913. 

2 Astrophys. Jour., 37, p. 65, 1913. 

8 Roy. Soc. Proc., A., 96, p. 382, 1919. 
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In atomic hydrogen the secondary spectrum was entirely absent, 
but the series-spectrum appeared strongly when the arc struck at 
13.5 volts and could be detected down to 10.1 volts. 

These results confirm the prevailing opinion that the series spec- 
trum is due to atoms and the secondary spectrum is due to molecules. 
The voltages at which the spectrum appears in atomic hydrogen are 

exactly those to be expected from Bohr’s interpretation of the series 

formula. The exciting voltage in molecular hydrogen is that to be 

expected if the critical 16.3 voltage is interpreted as dissociation of 

the molecule plus ionization of one of the atoms as the result of 

single electron impacts, giving 16.3 — 13.5—=2.8 volts as the heat of 

dissociation in equivalent volts. This is almost exactly the value 

_ given by Bohr’s theory, but is lower than the value 4.06 volts calcu- 

lated from Langmuir’s measurement of the heat of dissociation of 

hydrogen.* 

The interpretation of the secondary spectrum is puzzling. It is 

certainly due to molecular hydrogen, but the nature of the emitting 

molecule is uncertain. It is probably not due to neutral H, mole- 

cules, since these have no absorption in the visible spectrum. H, 

molecules are known to be present in fairly large concentration in an 

arc, but more in a high voltage discharge in a large vessel at low 

pressures. H, molecules are also known to be present. Possibly 

one of these may give rise to Fulcher’s Group I. and the other to his 

Group II., but evidence on this point is rather conflicting. An obser- 

vation of possible interest in this connection is that we found the 

secondary spectrum to disappear, when the outer tube was heated, at 

temperatures certainly too low to have dissociated H, molecules to 

any great extent. This suggests that the molecule responsible for the 

observed secondary spectrum lines is less stable than H,. As far as 

this is concerned, it may be either H, or H;. The absence of a 

Doppler shift for these lines may possibly point to the neutral H, 

molecule as the agent. In this connection it may be mentioned that 

R. W. Wood has very recently succeeded in drawing off pure atomic 

hydrogen from the center of a long Geissler tube, where only the 

series spectrum is visible, and he finds that the presence of a tungsten 

4 Am. Chem. Soc. Jour., 37, P- 417, 1915. 
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wire in this stream causes the atoms to recombine at its surface, with 

the emission of the secondary spectrum and a heating of the wire.* 

Further Critical Potentials in Hydrogen. 

The problem has been attacked from another angle by Dr. P. S. 

Olmstead, who used a modification of the Lenard method of investi- 

gating ionization potentials, illustrated in Fig. 4. Electrons from the 

A 

Fic. 4. 

hot central portion of a tungsten filament F were drawn toward a 

wire net NN through an accelerating difference of potential V. 

Those which passed the net NN encountered a retarding field lV, 

sufficient to stop them. 

The two distinctive features of the apparatus were the system of 

detecting electrodes P and W and a grid GG of twenty parallel 

tungsten wires. PP was a platinum plate and W was a fine platinum | 

wire extending but a short distance in front of the plate PP. When 

the electrons from F collided with and produced radiation from atoms 

or molecules near the net NN a considerable amount of this radiation 

fell on the plate PP, whereas the wire W received only a negligible 

amount of radiation because of its very small area. Either PP or W 

* Since this paper was written very decisive evidence on these points has 

been obtained and is to be published by Dr. Duffendack in the Astrophys. Jour. 
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could be connected to the quadrant electrometer, which measured both 

the current due to ionization of the gas between NN and PP and the 

photoelectric current from PP or W due to the radiation set up by 

_ electron bombardment of the gas. Those effects, setting in at critical 

potentials which were due to radiation, were relatively more pro- 

nounced when the plate PP was joined to the electrometer. Effects 

of ionization were relatively more marked when the wire W was used, 

since this wire could collect all the positive ions formed, but would 

receive but little of the radiation. 

The grid GG was used to vary the proportion of atomic hydrogen 

in the neighborhood of the net NN. This was done by heating it to a 

high temperature by an electric current, if atomic hydrogen was 

desired. The relative proportion of atomic to molecular hydrogen 

was never large, but was sufficient for our purpose. Those critical 

potentials which were relatively more marked when the grid GG was. 

hot were ascribed to atomic hydrogen and the others to molecular 

hydrogen. 

By thus varying the sensitiveness to detection of radiation, and 

by varying the amount of atomic hydrogen present, it was possible 

definitely to determine the nature and origin of the effect setting in 

at each of the critical potentials of hydrogen. 

The critical potentials are shown by Fig. 5, taken with the plate 

PP joined to the electrometer, and with the grid GG hot. Similar 

curves with the wire W, or with the grid cold, show fewer “breaks,” 

as expected... The interpretation of these critical potentials is indi- 

cated by the “ratio” curves of Fig. 6. These curves show ratios of 

electrometer deflections under the various conditions. J (on)/J 

(off) means the ratio of the deflections using the wire W (relatively 

sensitive to effects of ionization) with the grid current on (hot) and 

off (cold) respectively. R (on)/J (on) means the ratio of the de- 

flections with the plate (relatively sensitive to radiation) to those with 

the wire (relatively sensitive to ionization), the grid current being on 

in both cases. When these curves are interpreted in the light of the 

discussion above, and when proper allowance is made for the effect of 

the initial velocities with which electrons are emitted from the fila- 

ment (which introduces a small correction for weak effects and a 
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larger one for strong effects), the interpretation of each of the critical 

potentials is as shown in Table I. Setting in of new effects produces 

a change in curvature of the curves of Fig. 6. Such changes do not 

necessarily indicate new effects, however, and the effects may not be 

shown prominently at exactly the same voltage as in Fig. 5. Some 

caution is needed, therefore, in interpreting the curves in cases which 
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correspond to weak effects. We believe, however, that a considera- 

tion of the full set of curves points unmistakably to the following 

results : 

TABLE I. 

Critical 
Potential. Nature. Due to Process. 

10.1 volts....; Radiation Atom Direct 
Ea: ne eee ae Ionization Molecule | Ionization without dissociation 
pe thy eae Meet Radiation Atom Direct 
LO 8ou eee is Radiation Molecule Dissociation plus radiation from an atom 
13.6. ........| lonization Atom Direct 
TOi2 Wee Ionization ‘| Molecule | Dissociation plus ionization of an atom 

As an example of the method of interpretation, consider the 13.6 © 

The R (on)/J (on) curve indicates that it is due to volt effect. 

_ionization. The J (on)/J (off) curve indicates that it is due to the 
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but do not give such decisive information. The above critical poten- 
atom. _ The other two curves are consistent with these interpretations, 
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tials are determined experimentally to within probably 0.2 volt, when 

the corrections for velocity distribution are considered.® 
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The three atomic effects correspond exactly, by the quantum rela- 

tion eV =hy to the first two lines 1216 A. and 1026 A. and to the 

convergence wave length 911 A. of the Lyman series. This is, I 

believe, the first time that evidence has been obtained for the excita- 

tion of the second member of the series separately. We have some 

evidence of the separate excitation of the third member, also, and are 

setting up a new apparatus designed to detect atomic radiation effects 

very sensitively, with entire freedom from effects of ionization. With 

this we expect to make a more thorough investigation of the excita- 

tion of the successive members of the Lyman series. 

The 11.3 volt molecular effect is the formation of ii,, an ion 

which is found by positive ray analysis to be very abundant, although 

Bohr’s theory of the molecule represents it as unstable. The 12.8 

and 16.2 volt effects correspond to the processes H, =H + H, and 

H,—H-+H, respectively. The heat of dissociation is given, in 

equivalent volts, by 12.8—10.1==2.7 volts or by 16.2—13.6—2.6 
volts. This is in good agreement with the results of the preceding 

method, but smaller than Langmuir’s value. 

The critical potentials reported by previous observers are given in: 

Table II. The considerable lack of consistency among the various 

TABLE II. 

Experimenter Radiation Ionization 

Davis and Goucher® ...... 11.0, 13.6, 11.0, 15.8 

Mohler and Foote’ ....... 10.4, 12.2, oo 16.5 

Foote, Mohler and Kurth® 10.5, 11.8, 16.0 

Horton and Davies® ...... 10.5, 130, 14.4, 16.9 
Franck, Knipping and 

Keriiger 6 bs cnisves bs 13.6, 11.5, 17.1, 30.45 

Compton and Olmstead 11 <108, 13.4, >108, >15.8 

Boucher 285). fcckseue onde 10.1, 13.6, 15.6 

This Investigation ........ 18) BAT, (1298, 11.3, 13.6, 16.2 

5 Smyth, Phys. Rev., 14, p. 409, 1919; Compton and Olmstead, Phys. Rev., 

17, Pp. 52, 1921. 

6 Phys. Rev., 10, p. 101, 1917. 

7 Jour. Optical Soc. of Am., 4, Pp. 49, 1920. 

8 Phys. Rev., 19, p. 414, 1922. 

® Roy. Soc. Proc., A, 97, p. 23, 1920. 

10 Ber. d. D. Phys. Ges., 21, p. 728, waa 

11 Phys, Rev., 17, p. 45, 1921. 

12 Phys. Rev., 19, p. 189, 1922. 
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critical potentials reported is probably due to (1) the fact that the 

velocity distribution correction is likely to be exaggerated for the 

stronger effects, unless a systematic method such as was suggested by 

Smyth or its graphical equivalent is used, (2) two effects occurring 

close together are likely to be reported as one, (3) the form of 

apparatus may be such as to enhance ionization effects relatively to 

radiation effects, or vice-versa. 

NITROGEN. 

This gas has been studied by Dr. Duffendack, using the low volt- 

age arc method as in the case of hydrogen. It was found that the 

gas could not be appreciably dissociated into atomic nitrogen by any 

attainable temperature of the tungsten tube furnace, although it was 

possible to produce atomic nitrogen (Strett’s “active” nitrogen)** by 

electronic bombardment at lower current densities and voltages when 

the tube was very hot than when it was cooler. 

Low Voltage Arc in Nitrogen. 

Typical current-voltage curves are shown in Fig. 7. In curve 
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(b) the filament was hotter and the gas pressure lower than in curve 

(a), both conditions favoring the production of the arc. The 

“break” point of the arc was found to be 16.15 volts as an average 

of a large number of closely agreeing observations made under vari- 

ous experimental conditions. Under no conditions could the arc be 

18 Roy. Soc. Proc., A, 85, p. 219, 1911, et seq. 
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maintained at a voltage lower than this, which is the minimum ionizing 
potential of the molecule. 

The shape of these curves differs from that of the hydrogen are 

curves in that the current rapidly increases with increasing voltage 

above the arcing voltage. This is probably due to the greater com- 

plexity and stability of the molecule, since it seems to be related to 

the rapid increase of intensity of the negative band spectrum as the 

voltage is increased. This negative band spectrum is due, as shown 

by its behavior in a positive ray apparatus and its relation to exciting 

voltage, to excitation of the positively charged molecules N,, which 

can evidently be partially or completely ionized without breaking up 

into atoms. 

In the neighborhood of 70 volts the are current began to increase 

rapidly again, a brilliant “flare” setting in and the current becoming 

as large as 15 amperes. Simultaneously with this increase the lines 

5006 and 5003 of the nitrogen line spectrum appeared. At about 90 

volts the lines 5680 and 5667 were visible. If the filament is hot, 

this “flare” could be maintained at voltages as low as 25 volts, after 

setting in at 70 volts, but no lines of the line spectrum were seen 

below 70 volts. Lines of the tungsten spectrum were always ob- 

served in the flare. 

Comparison with observations by Strutt'* shows that this flare 

was due to the presence of atomic nitrogen, and that the presence of . 

the tungsten spectrum was due to the burning of tungsten in atomic 

nitrogen. It is significant that the flare could be produced at 40 volts, 

instead of 70 volts, if the outer tungsten tube were very hot. This 

is the only evidence of dissociation of nitrogen by the hot tube. It is 

also of interest to note that Langmuir discovered an anomalous be- 

havior of thermionic emission from tungsten filaments in nitrogen at 

low pressures and voltages above 70 volts, and attributed this to a 

chemical action which did not occur at lower voltages.%* It is not 

easy to explain why the formation of atomic nitrogen should increase 

the current through the arc so enormously. Multiple ionization, 

ionization by chemical action on tungsten, or heat developed by atomic 

recombination at the surface of the filament may be important factors. 

14 Loc. cit. 

15 Phys. Rev., 2, p. 450, 1913. 
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Excitation of the Nitrogen Spectrum. 

The nitrogen spectrum consists of three groups of positive bands, 
two of which appear in the visible spectrum and one only in the ultra- 
‘violet, a group of negative bands and a line spectrum which has not 

_ been resolved into series. 

The first group of positive bands was first seen when the arc 

struck and increased slightly in intensity as the voltage was raised. 

The second group was first seen when the arc struck and decreased 

in intensity with increasing voltage. L. and E. Bloch'* and Brandt” 

have detected positive bands at voltages as low as 12 and 7.5 volts, 

Tespectively. It is therefore evident that the positive bands are due 

to excitation of neutral molecules. 

The negative bands were not observed until the voltage was a 

volt or two above the minimum ionizing potential, and increased 

markedly in intensity with increasing voltage. Rau'® has found a 

Doppler shift in the negative bands in positive rays. These and other 

facts indicate that the negative bands are due to excitation of posi- 

tively charged molecules N.. 

It is surprising that as high a voltage as 70 volts was required 

to excite the line spectrum, and that only the lines 5006, 5003, 5680, 

_and 5667 were observed. There are a number of other lines usually 

listed as at least as intense as these of which no trace was found. It 

seems probable, as is suggested by the magnitude of the Doppler 

shifts’® for the nitrogen lines, that the lines which we observed are 

enhanced lines, and the remaining strong lines in the visible spectrum 

may correspond to still higher ionization. The Doppler shifts sug- 

gest that a line 3995 A. may be an unenhanced line. Unfortunately 

we did not investigate this region of the spectrum, but we plan to 

make a photographic test in the near future. At any rate, it seems 

certain that the simpler parts of the nitrogen line spectrum lie in a 

region of wave-lengths far removed from the visible, and that the 

difficulty of dissociating the molecules makes it difficult to excite the 

line spectrum under conditions which can easily be interpreted. 

16 Comptes Rendus, 170, p. 1380, 1920. 

17 Zeit. f. Phys., 8, p. 32, 1921. 

18 “ Vortrag auf der Physikertagung in Jena,” 1921. 

19 J, J. Thomson, “ Positive Rays.” 
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SUMMARY. 

These investigations open up new methods for the study of con- 

ditions of dissociation, ionization, and excitation of radiation of multi- 

atomic molecules. They have given a definite interpretation to the 

critical potentials of hydrogen and yielded valuable information re- 

garding the processes of ionization and radiation in nitrogen. Simi- 

lar work with iodine is in progress. 

PaLMER PuysicaL LABORATORY, 

Princeton, NEw JERSEY. 



———MANNA, NECTAR, AND AMBROSIA. 

By PAUL HAUPT. 

* (Read April 22, 1922.) 

The Biblical manna, which the ancestors of the Jews are said to 
have eaten for forty years until they came to the borders of Canaan, 

is not the manna of commerce, which is a saccharine exudation 

obtained in Sicilian plantations, during July and August, by making 

transverse incisions through the bark of flowering-ash trees (Fraxinus 

ornus). This is employed as a gentle laxative for children and is 

still largely consumed in South America. The Jews’ manna is gen- 
erally supposed to be the honey-like exudation of a species of tamarisk 

on the Sinaitic peninsula. The flow of manna from the soft twigs of 

the tamarix Gallica, which is due to their being punctured by a scale 

insect, appears only during certain months (about the end of May 

and in June). It could not have yielded the daily provision of more 

than 300 tons ;' the annual quantity produced on the Sinaitic peninsula 

is only 500 or 600 Ibs. Nor could it have been ground in querns, or 

pounded in mortars, and baked? in baking-pots.* It has the con- 

sistency of wax in the early morning, but melts in the heat of the sun 

(Exod. 16, 21). This Sinaitic manna is still collected by the Arabs 

and sold to the monks of St. Catherine on Mount Sinai, who supply 

it to the pilgrims and tourists visiting the convent. 

I showed in my paper The Burning Bush and the Origin of 

Judaism, which I presented at our General Meeting in 1909, that the 

mountain whence the Law is said to have been given to Moses can 

not have been situated on the Sinaitic peninsula; it must have been a 

_ 1They are said to have collected an omer per day per person (Exod. 16, 

16. 36). An omer is nearly a gallon (more accurately, 3.644 liters). Accord- 

-ing to Exod. 12, 37 (cf. 38, 26; Num. 1, 46; 26, 51) there were more than 600,- 

000 men not including Levites, women and children; so there would have been 

more than two million people. These numbers are, of course, impossible; see 

Gray, Numbers (ICC) p. 12; contrast EB11 25, 139”, below. 

2 For. Heb. bissél, to bake, cf. 2 S 13, 18; AJSL 26, 16; ZDMG 63, 517. 

8 See the cut on p. 64 of the translation of Leviticus in the Polychrome 

Bible; cf. MLN 38, 433; also ZDMG 61, 714, |. 10; JBL 36, 256. 
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volcano in northwestern Arabia (PAPS 48, 355). The name Sinai 

is derived from the Assyrian name of the moon-god, Sin. About 

four days’ journey S.E. of Tebik in northwestern Arabia there is an 

isolated table-mountain of sandstone with a high, pitch-black extinct 

volcano on its flattened summit, which is called al-Badr, i.e. the 

Arabic word for full moon. At the foot of the northern side of this 

sacred mountain (which was visited, on July 2, 1910, by Professor 

Musil, of Vienna, who will lecture in this country next fall) there 

are twelve large blocks of sandstone, known as al-madabih = Heb. 

mizbéhét, sacrificial altars. Similar blocks are found at the western 

end. On.the southern side there are The Caves of the Servants of 
Moses, Arab. Mag@’ir ‘abid Miisd. The ancestors of the Jews seem 
to have proceeded from Elath, at the northeastern end of the Red Sea, 

in a southeastern direction (JAOS 34, 526; 35, 387.390). 

Forty years ago the distinguished mythologist W. H. Roscher 

published a monograph’ advancing the theory that nectar and am- 

brosia were kinds of honey like the Biblical manna. We call the 

saccharine fluid excreted by flowers, which attracts insects or birds, 

nectar, and we apply the name ambrosia to the food of certain wood- 

boring beetles, which consists of certain minute hyphomycetous fungi 

coating the walls of their galleries. In the Homeric poems (in which 

eighth-century Ionians describe twelfth-century events; cf. EB‘ 8, 

426°) nectar is the drink, and ambrosia the food of the gods; but in 

the Doric fragments of Aleman (the greatest lyric poet of Sparta, 

4 Note the following abbreviations :—AJSL=American Journal of Semitic 
Languages ;—AV=Authorized Version;—BA=Delitzsch and Haupt, Bei- 

trige zur Assyriologie;—BL=Haupt, Biblische Liebeslieder (Leipsic, 1907) ; 

—CD=Century Dictionary ;—EB=—Cheyne-Black, Encyclopedia Biblica;— 

EB'=Encyclopedia Britannica, 11‘ edition;—Est==Haupt, The Book of 

Esther (Chicago, 1908) ;—GB=Gesenius-Buhl, Hebriaisches Handworterbuch; 

—GK=Gesenius-Kautzsch, Hebriaische Grammatik ;—ICC=International Crit- 

ical Commentary ;—JAOS=Journal of the American Oriental Society;—JBL 

=Journal of Biblical Literature ;—JHUC=Johns Hopkins University Circu- 

lar; —MLN=Modern Language Notes ;—OD=New English Dictionary, Ox- 

ford;—OT=Old Testament ;—PAPS=Proceedings of the American Philo- 

sophical Society;—RV=Revised Version;—S=Samuel; SEP=Saturday 

Evening Post;—VS=Brockelmann, Vergleichende Grammatik der semitischen 

Sprachen, vol. 2 (Berlin, 1913) ;—ZDMG=Zeitschrift der Deutschen Mor- 

genlaindischen Gesellschaft. 

5 W.H. Roscher, Nektar und Ambrosia, Leipsic, 1883. 
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about 650) nectar is the food, and in Sappho (who flourished about 

600, and who shared-with Alczeus the supremacy of the olian school 

of lyric poetry) ambrosia is the drink. 

It would seem, however, that both nectar and ambrosia denote 

fragrant fat, especially the nidorous smell of the sacrifices ascending 

to heaven. The fragrant steam arising from a burning sacrifice was 

the nourishment of the gods. Ethereal beings feed on vapors, not on 

solid meats.* The Old Testament says that an offering made by fire 

yields a sweet savor to Juv. For Let the Lord accept an offering 

(1 S 26, 19) the Hebrew has Let the Lord smell (or inhale) an 

offering. In Lev. 26, 31 JuHvH says: J will not smell the savor of 

your sweet odors. When Noah after the Flood offered burnt-offer- 

ings, the Lord smelled the sweet savor, and the cuneiform account of 

the Deluge states that when the Babylonian Noah offered a sacrifice, 

the gods gathered around him like a swarm of flies, so that the god- 

dess Istar took the great fly-brushes of her father Anu, the god of 

_ heaven, to drive them away. Fly-brushes are the ancient Oriental 

symbols of sovereignty. The gods were starved because there had 

been no offerings during the Flood (JAOS 41, 181). 

The Hebrew term for the fragrant smoke of the burnt-offering is 

gétort, and nectar seems to be derived from the same Semitic stem, 

just as it has been suggested that ambrosia may represent the Semitic _ 

‘ambar, ambergris (EB*! 1, 800°; AJSL 23, 261; PAPS 46, 158). 

Ambergris is a morbid secretion of the intestines of the sperm-whale. 

It is a fatty, inflammable substance which develops a peculiar sweet 

odor on exposure to the air. It plays an important part in Oriental 

perfumery and is used also in pharmacy and in cookery. I have 

shown in my paper on Jonah’s Whale, which I presented at our Gen- 

eral Meeting in 1907, that there were sperm-whales in the Mediter- 

ranean (PAPS 46, 155; JHUC 206, 37.43). Gr. thyos and thyoma 

are equivalent to Heb. g@tért, and both are connected with our fume, 

as is also thysia, and tethyoménos means fragrant. Similarly Heb. 

méquitdr signifies perfumed in Cant. 3, 6. AV uses perfume for 

gétért (JBL 36, 91, n. 11) in Exod. 30, 35. 

6 See the translation of Leviticus, in the Polychrome Bible, p. 62, 1. 2; p. 

63, 1. 15. 
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The Arabic equivalent of the stem of Heb. gétért means to exhale 

an odor tn roasting. If you return to camp in the evening after 

having been out gunning all day, the smell of frying bacon is a sweet 

savor. The Hebrews sacrificed to Juvu the fat of the victim. 

Lev. 3, 16 states: All the fat is the Lord’s (cf. Lev. 7, 25; 1 S 2, 16; 

2 Chr. 7, 7; Gen. 4, 4): The fat pieces burnt on the altar were, 

according to Lev. 3, 3.4, the fat that covers the entrails, ¢.e. the great 

omentum, and the fat that is about the entrails, i.e. the mesenterial 

fat, the two kidneys and the fat that is on them, and the caudate lobe 

of the liver. The priests said the fat was the best and richest part 

of the animal.’ Liver and kidneys and the surrounding fat were re- 

garded as important seats of life and emotion. We find in the 

Hebrew psalms: my liver exulted for I was glad and my reins ad- 

monished me at night for Thou art never out of my thoughts meses 

32, 124; JHUC 325, 39). 
The practice of offering the fat pieces appears in a new light if 

we compare a story of Prometheus in Hesiod’s Theogony (c. 735 

B.C.) in which the Boeotian poet describes the origin of the world and 

the birth of the gods. Socrates, who drank the cup of hemlock in 

399, regarded the stories of the gods as the inventions of lying poets 

(EB™ 25, 333°). According to Hesiod (Theog. 536), gods and men 

met on a certain occasion at Mecone, which is the ancierit name of 

Sicyon, near the Gulf of Corinth, 10 m. N.W. of Corinth. The 

business of the assembly was to decide what portions of the slain 

animals the gods should receive in sacrifice. On one side Prometheus 

arranged the best parts of the ox, covered with offal; on the other, 

the bones covered with fat, as the meat was covered in Homeric sacri- 

fices. Zeus was invited to make his choice, chose the fat, and found 

only bones beneath. Similar fables recur in Africa and North 

America (EB* 22, 436°). 

If nectar, which is connected with Heb. gétért, fragrant steam of 

the burnt-offering inhaled by JuvH, appears in the Homeric poems 

as the drink of the gods, we must remember that the Arabic term for 

to smoke tobacco is to drink smoke, Arab. Sdriba-’d-duxana. The 

same term was formerly used in English. Ben Jonson (1598) says: 

7 See the translation of Leviticus, in the Polychrome Bible, p. 65, Il. 33-38. 
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The most divine tobacco that I ever drunk. In the Oriental tobacco- 
pipe known as narghileh (Arab. ndrgilah or arkilah) the smoke 

passes through water before it is inhaled through a long flexible tube. 

The receptacle for the water, which is often scented, was originally 

a cocoanut shell. In Persian the cocoanut is called nargil. In India 

a similar pipe is known as hubble-bubble (or hobble-bobble). Other 

names of this water-pipe for smoking are hookah (Arab. hiiqqah) 

and kalian (Pers. galian).* In Egypt it is called SiSah or géuzah. 

The Arabic name for cocoanut is géz Hindi. The Arabic word for 

to drink appears in our sherbet and syrup. Some men in Waukegan, 

Ill., smoke their hootch now by taking a liberal pinch of snuff, soak- 

ing it in moonshine until it is thoroughly saturated, then cramming it 

‘into a pipe, and pressing a little loose tobacco on top (The Baltimore 

News, April 27, 1922, p. 16, col. 6). 

In a poem The Cigarette, by Joseph Mills Hanson (published in 

The American Legion Weekly, April 28, 1922, p. 4, col. 2), we find 

the stanza: 

But how I longed to smoke—and not a snipe! ® 

When comes this long-legg’d bird that saved my tripe 1° 

Back in the boyau 11—volunteer, may be, 

Or one of our supports—and handed me 

A Lucky! 12 Boy, just listen while I state 

I’m here to tell the world this one thing straight, 

No Mount Olympus god could ever quaff 

A cup of nectar sweet as that, by half! 

I am indebted for this reference to Dr. O. R. Sellers, of the Johns 

Hopkins University. 

In Homer, ambrosia is used as a perfume: in the Odyssey (4, 445) 

we read that when Menelaus wanted to consult the old man of the 

sea, Proteus, who knew all things, past, present, and future, and who 

took siesta, surrounded by his seals, in an ocean-cave near the mouth 

of the Nile, the daughter of the god covered the hero and three of 

his companions with hides of seals, and in order to make the odor of 

the hides less intolerable, she put ambrosia under their noses. The 

ancients had no scents dissolved in alcohol, but perfumed greases, 

8 See cuts in CD 28784. 2908; cf. EB11 13,670; 19,2404. 

® Stub of a cigar or cigarette. 10 Cf. to save one’s bacon. 

11 Passage between two trenches. 12 A Lucky Strike cigarette. 

PROC. AMER. PHIL. SOC., VOL. 1 XI, Q, NOV, 20, 1922. 
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solid or liquid fats charged with odors. Pliny’s statement (13, 2) 

that scented unguents were unknown at the time of the Trojan war 

is incorrect. Fats and oils absorb odors. Perfumes are extracted 

from flowers by the agency of inodorous fats (enfleurage). One of 

the most precious unguents was the nard-ointment, and according to 

Pliny (12, 43) nard-oil had a red color (color rufus). Also the 

color of myrrh, which was used as a perfume (Ps. 45, 8; Prov. 7, 17; 

Cant. I, 13; 5, 5) and as an antiseptic for embalming (John 19, 39), 

varies from pale reddish-yellow to red or reddish-brown. Achilles’s 

mother, Thetis (JHUC 306, 34) injected ambrosia and red nectar 

(Gr. néktar erythrén) through the nostrils of his slain friend Pa- 

troclus to preserve his body (JI. 19, 40). According to Herodotus 

(2, 86) the Egyptian embalmers removed the brains through the 

nostrils by means of a bent iron implement, injecting drugs, while — 

the intestines were drawn out through an incision in the left side, 

whereupon the abdominal cavity was cleansed with date-brandy 

(JHUC 287, 33) and filled with myrrh, cassia, and other materials, 

and the opening sewed up; finally the body was steeped for 70 days 

in a solution of natron, ¢.e. native carbonate of sodium, which is 

found in some of the lakes of Egypt. On the other hand, the body 

of Alexander the Great is said to have been embalmed with honey 

(EB 9, 306*). 

At the command of Zeus, Apollo bathed the body of the Lycian 

prince Sarpedon, who had been slain by Patroclus, in a river and 

anointed it with ambrosia (JI, 16, 670.680). Hera cleansed (Gr. 

kdtheren) herself with ambrosia and anointed herself with fragrant 

ambrosian oil (JI. 14, 170; cf. Judith 16, 8). This was no soap, as 

has been suggested, but a scented massage cream. Massage, which 

is the oldest of all therapeutic means, is alluded to in Homer: in the 

Odyssey heroes returning from battle are rubbed and kneaded by 

female massers. Massage is derived from Arab. mdssada (cf. Syr. 

pasdsu, to rub; JBL 39, 159). In Est. 2, 12 massage is called 

tamriiqim, rubs: the oil of myrrh had an antiseptic effect and purified 

the skin; the balms or sweet odors perfumed the body; the rubs made 

the skin white and soft, and improved the figure (Est. 22). Shampoo 
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is the Hindoo term for this manipulation; Hindustani champo is the 

imperative of champnd, to thrust, to press (EB* 17, 863°). Some 

of our modern massage creams are said to cleanse all dust and dirt 

from the pores; after they have been rubbed in gently they roll out, 

bringing with them all the dirt and skin impurities, so that the skin 

appears clean and healthy with a clear and glowing color, while the 

cream that comes from the pores appears darkened and dirt-laden 

(SEP, April 15, 1922, p. 93). According to Pliny (28, 191) soap 

was an invention of the Gauls, who- prepared it from tallow and 

ashes. The ancients cleansed themselves by oiling their bodies and 

scraping (Gr. stlengizein) their skins, and by baths (EB 4665). 

Cowper (1791) says: Her lovely face | She with ambrosia purified. 

Ambrosia is supposed to be connected with Skt. amrta, which 

denotes the beverage of immortality that resulted from the churning 

of the ocean by the gods and demons (CD s. amrita). The view. 

that Gr. ambrésios means immortal is untenable. Nor can Gr. néktar 

be combined with Gr. négala, dainties. The ancients regarded néktar 

as a compound of the negative ne and kér, the goddess of death, or 

kteinein, to kill. Our post-Volsteadian nectars may not always kill, 

but they certainly do not impart immortality.1* Homer applies the 

epithet ambrosial, not only to divine food and anointing oil, but also 

to raiment, sandals, locks. A sexagenarian knows that hair is not 

immortal, and if he raised a number of boys he will remember that 

shoes have no everlasting soles. Ambrosial curls denotes fragrant 

hair1* Milton says (Par. L. 5, 57): His dewy locks distilled am- 

brosia. In Swift (Streph. and Chloe) we find: Venus like her 

fragrant skin | Exhaled ambrosia from within. The Scottish poet, 

Sir William Mure (1594-1657) has (Dido and Aineas 1, 461): Her 

sweet ambrosial breath and nectared hair. Our poets also speak of 

nectarine kisses or a touch of her sweet nectar-breathing mouth.” 

13 Littré says s. nectar: Ce qui ne tue pas does not signify ce qui donne 

Vimmortalité. 

14 Cf, Fr. chevelure ambroisienne, Ger. ambrosisches Haar. We find also 

ambrosische Nacht. 

15 German poets speak of Nektarlippen and Nektarkiisse. Schiller says: 

Nektarduft von Madchenlippen; Wieland: der Anhauch ihres Nektarmundes; 

Riickert calls the lips Nektarkelch. We also find nektarne Brust (cf. BL 70. 

72). Tennyson (The Miller’s Daughter) says: I would be the necklace—... 

upon her balmy bosom. 
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The night is often called ambrosial; this does not mean holy, as is 

generally supposed, but balmy. Thomas Moore (Lalla Rookh 248) 

speaks of One of those ambrosial eves | A day of storm so often 

leaves. Tennyson (In Memoriam, Ixxxvi) says: Sweet after show- 

ers, ambrosial air and (Ginone): A fruit of pure Hesperian gold | 

That smelled ambrostally (see OD s. ambrosial). Also ambrosial 

sleep means balmy sleep, i.e. healing, refreshing sleep. Edith M. 

Hull says in the first chapter of The Sheik: It was a wonderful night, 

silent except for the cicada’s monotonous chirping, mysterious with 

the inexplicable mystery that hangs always in the Oriental night. 

The smells of the East rose up all around her; here, as at home, they 

seemed more perceptible by night than by day. Often at home she 

had stood on the little stone balcony outside her room, drinking in the 

smells of the night—the pungent, earthy smell after rain, the aromatic 

smell of pine trees near the house. It was the intoxicating smells of 

the night that had first driven her, as a very small child, to clamber 

down from her balcony, clinging to the thick ivy roots, to wander 

with the delightful sense of wrongdoing through the moonlit park 

and even into the adjoining gloomy woods. She had always been 

utterly fearless, 

There is no connection between the Gr. nectar and ambrosia and 

the Biblical manna. The manna, which sustained the ancestors of 

the Jews in the wilderness, was a nutritive lichen like the Iceland 

moss and the reindeer moss, especially the Lecanora esculenta, known 

as manna-lichen,® which in times of great drought and famine has 

served as food for a large number of men in the arid steppes of the 

various countries stretching from Algeria to Tatary (EB™ 16, 584). 

Fragments of manna-lichen carried away by the wind resemble grains 

of wheat. They vary in size from a pea to a hazel-nut.17 The edible 

lichens contain not only starchy substances, but also in some cases a 

small quantity of saccharine matter of the nature of mannite. It is 

16Littré says s. manna: J] est certain qu’elle est formée de lichens, sur- 

. tout de lecanora affinis et lecanora esculenta. 

17 According to Num. 11, 7 the manna was like coriander seed. The 

smooth globular fruits of coriander sativum are twice as large as hemp seed — 
or about the size of a peppercorn. The Hebrew word in Exod. 16, 14, ren- 

dered round in AV means flaky; see RV, margin; cf. EB 879, n. 4. 
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more probable, however, that the powdered manna-lichen was mixed 

with _tamarisk-manna and alhagi-manna (Arab. taranjabir). The 

manna-lichen was ground in querns or pounded in mortars (Num. 

11, 8) and mixed with the honey-like drops exuding from the soft 

twigs of the tamarix Gallica or with the exudation of the camel’s 

thorn (alhagi Maurorum or camelorum). After this mixture of 

powdered manna-lichen and tamarisk-manna or alhagi-manna had 

been baked in baking-pots, it tasted like honey-cake (Exod. 16, 31) 

or like pastry baked in sweet-oil (Num. 11, 8). 

_ The real meaning of the name manna has never been explained. 

Arab. mann means not only manna, but also gift, present, favor, 

benefit; it denotes also the manna-insect which causes the secretion 

of the manna by puncturing the twigs of the tamarisk (i.e. the 

Coccus manniparus or Gossyparia mannifera). The presence of 

these insects may be responsible for the legend that when some of 

the manna was left until the following day, it became wormy and 

offensive except on the sabbath (Exod. 16, 20.24). The accounts 

given in Exod. 16, 14-36; Num. 11, 7-9 are inaccurate and em- 

broidered. The primary connotation of Heb. man, manna, is not 

gift, but separation, elimination, secretion. It is connected with the 

preposition min, from, which means originally part (VS 397; GB** 

435°, 4; GK*®, § 119, w, note 1). To part may mean to ‘partition, 

apportion. Arab. maniiah, fate, signifies properly portion (Heb. 

ménat, helq). This is also the primary connotation of Arab. mann 

and minhah, gift, present.. AV uses to part for Heb. hifrid in Ruth 

I, 17, where Ruth says to Naomi: The Lord do so unto me and more 

also if aught but death part thee and me. Here Luther has: Der 

Tod muss mich und dich scheiden, and Ausscheidung is the German 

term for secretion. Arab. ména, iaminu, to plow, is to break the 

ground. The original meaning of Heb. min, species, is division. 

Lat. species means not only particular sort, but also look, form (Heb. 

témand; cf. BA 1, 124). The post-Biblical min, heretic, signifies 

properly separatist. Brugsch and Ebers combined Heb. man with 

the late Egyptian mnu; if this denote manna, it is no doubt a loan- 

word, so that it throws no light on the etymology. 

In Exod, 16, 15 the name manna is derived from mdan-hii: when 

the ancestors of the Jews saw it, they said to one another: mdn-hi, 
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what is this? for they did not know what it was. Mdan-hi, however, 

is Aramaic, not Hebrew. The Syriac Bible has méndu—=ménd-hi 

in Exod. 16, 15. In Syriac we find mén or mén, and méné, what, 

but the Hebrew pronoun for what? is ma, The popular etymology 

given in Exod. 16, 15 must be a late gloss. AV has What is this? 

in the margin, also Jt ¢s a portion. In the text AV renders: Jt is 

manna. RV has in the text What is this? and It és manna in the 

margin. 

Tamarisk-manna is alluded to by Herodotus (7, 31). He says in 

his account of Xerxes’s march to Sardes during his expedition against 

Greece (about 481) that the Callatebian craftsmen prepared honey 

from tamarisks'and from wheat (Gr. dndres demioergoi méli ek 

myrikes te kai pyrot poietisi). In the OT the term honey denotes 

also various inspissated fruét-juices or syrups, especially grape-syrup 

(Gr. hépsema, siraion, Arab. dibs). Callatebus was a town in Lydia 

S.W. of Sardes, probably near the Lydian Philadelphia, the present 

Alashehr, 83 m. E. of Smyrna. This Philadelphia was called Little 

Athens on account of its festivals and temples. It was captured in 

1402 by Timur (or Tamerlane) who built a wall of the corpses of 

his prisoners. The tamarisk-honey is tamarisk-manna, and the honey 

prepared from wheat may have been glucose made from wheaten 

starch (Plin. 18, 76) by the action of dilute sulphuric acid. This 

acid, which is perhaps the most important of all chemicals, was, it 

may be supposed, known to the ancients (cf. Plin. 35, 175), while 

hydrochloric acid was first obtained about the end of the Thirty 

Years’ War (1648). Sulphuric acid is found uncombined in natural 

waters of certain volcanic districts. The Lydian Philadelphia was 

subject to frequent earthquakes. The Meander valley and the Gulf 

of Smyrna are notorious seismic foci (EB*™ 2, 757°). The Meander 

valley is noted for its hot springs. The Lydians were credited with 

several inventions, e.g. dice and coined money. They were also cele- 

brated for their music and gymnastic exercises. The Lydian empire 
_ was the industrial power of the ancient world. 



“APPLICATION OF BIOPHYSICAL RESEARCH TO 

MEDICAL PROBLEMS. 

By G. W. CRILE, M.D. anp HUGO FRICKE, Pu.D. 

The research, part of which is reported in this paper, is a further 
extension of previous studies undertaken for the purpose of ascer- 

taining to what extent biophysical methods can be used in the investi- 

gation and interpretation of medical problems. Our observations of 

the effect of certain agencies such as adrenalin, anesthetics, stimulants, 

electrolytes; etc., on the temperature of various organs and tissues of 

the body have been made with the thought that if the effect of these 

influences should prove to be uniform and consistent with biological 

facts, these studies would lead to a wider use of biophysical methods. 

There are many other studies which will be reported in a later paper 
in which we expect to set forth an interpretation of our findings. At 

the present time we wish only to make known the facts which have 

appeared in these investigations. 

Several similar attempts to study temperature changes in the tis- 

sues of animals under different conditions have been carried out in 

the past. In addition to the literature reported in a previous publica- 

tion, we may especially mention the work of Mosso,* who measured 

the temperature changes by means of a very sensitive mercury ther- 

mometer. He believed that he had found a very great change in the 

metabolism of the brain followed the injections of certain drugs, 

among them being absinthe and strychnin. Hill and Nabarro,? how- 

ever, criticized Mosso’s work and made evident that his results were 

due mainly to the action of the drugs upon the blood circulation. 

The amount of oxygen used in the metabolic processes in a state 

of rest and of excitation is known for many of the body organs in 

which excitation usually causes a several-fold increased consumption. 

How the energy corresponding to this oxygen consumption is used; 

how much is transformed into heat; and how much is used by the 

organ in the performance of its functions, are questions whose an- 

1 Mosso, Proc. Roy. Soc., London, 1892. 

2 Hill, L. and Nabarro, D. N., Jour. Physiol., 1895, XVIIL., 218. 
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swers have not been directly determined for most organs. In the 

case of a muscle at work, A. V. Hill? has found that there is a 

maximum efficiency of fifty per cent. From an estimation of the 

work done by the organs it is safe to assume that for most organs 

the major portion of the chemical energy obtained through the oxy- 

gen consumption is directly transformed into heat. The chemical 

energy of the oxygen consumed by an organ under excitation corre- 

sponds to a temperature increase of a few tenths of a degree Centi- 

grade per minute. The magnitude of this change indicates the 

feasibility of employing thermocouples for the temperature measure- 

ments in the study of metabolic processes. 

In the studies reported here our attention has been directed espe- 

cially to the measurement of the temperature changes which occur 

in the brain. As compared with most other organs, the oxygen con- 

sumption of the brain is large. It seems probable that the energy 

corresponding to this consumption is not directly converted into heat 

for the sole purpose of maintaining the brain temperature, but that 

it is primarily used by the brain in its special activities, finally ap- 
pearing as heat in the brain or in other parts of the body. If this is 

so we would expect that activation of the brain would be accompanied 

by temperature changes large enough to be recorded. 

It is evident, however, that changes in the circulation of the blood, 

due to vaso-constriction and vaso-dilation in the different parts of the 

body, must be an important factor in the production of the tempera- 

ture changes in an organ. This fact makes the interpretation of the 

records of temperature change quite complicated. 

Experimental Technique-—The temperature changes in the 

organs studied were measured by means of copper-constantan ther- 

mocouples combined with mirror galvanometers. The time of vibra- 

tion of the galvanometers was about seven seconds. The galvanom- 

eter deflections were reflected on a common scale, the resistances 

in each circuit being so adjusted that a deflection of one division on 

the scale (equal to two millimeters) corresponded to a temperature 

change of one one-hundredth of a degree Centigrade. The scale 

covered a temperature range of 6° C. A specially designed poten- 

tiometer made possible the immediate introduction into each thermo- 

8 Hill, A. V., Jour. Physiol., 1913, XLVI., 435. 
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couple circuit of an electromotive force corresponding to a tempera- 

ture difference of 4° C., so that continuous temperature readings 

‘could be made over a range of 14° C. 

One junction of each thermocouple was inserted in a constant 

temperature bath, constant to within one one-hundredth of a degree 

Centigrade, the other junction being inserted in the organ under 

investigation. In most measurements one thermocouple was_in- 

serted in the brain and one in some other organ or tissue. In some 

cases, however, three thermocouples were employed. 

In order to avoid the influence of bioelectric, or galvanic forces, 

it is necessary to insulate thoroughly the wires that are inserted in 

an organ. This was done by enameling the wires and coating them 

with de Khotinsky cement. 

A special metal holder was constructed for the thermocouple that 

was inserted in the brain. The wires, constantan No. 35 and copper, 

No. 40, were passed through a hard rubber cylinder, the thermo- 

junction extending about one centimeter beyond the end of the rub- 
ber, the exposed portion being covered with de Khotinsky cement 

_ which served also to cement the thermojunction in place. ~ 

The skull of the rabbit was trephined to make an opening 6 mm. 

in diameter and the holder clamped in place, the hard rubber rod with 

the thermocouple junction being then inserted. The depth of pene- 

tration of the brain varied in different experiments from 2 mm. to 

about 8 mm. The trephined opening was made to the right of the 

mid-line on a level with the posterior superciliary ridge. 

The thermocouples inserted in other organs also were constructed 

of No. 35 constantan and No. 40 copper wire. The wires were 

soldered together, the constantan wire extending about three inches 

beyond the junction. By passing this free end through a needle the 

junction could be readily drawn into the desired position within the 

tissue. 

We wish to express our appreciation of the codperation of Mr. 

Seitz of the Electromechanical Engineering Department of the 

Cleveland Clinic in the construction of the apparatus described above. 

The accompanying group of curves shows the effects of various 

drugs upon the temperature of certain tissues of rabbits, especially 

of the brain. In a later paper we propose to discuss the relative 
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roles played in these temperature changes by alterations in the 

blood circulation, in the blood temperature, and in the metabolism 

of the organ. 

Inhalation anesthesia.—Ether in its first stages frequently pro- 

duced an increase in the temperature of the brain. As the depth of 

the anesthesia was increased the temperature fell. Fig. 1 shows the 

TIME IN MINUTES 

2p 12 83 4 56 6 7 8 9 10 11 12 18 14 15 16 17 18 19 20 21 22 283 24 

9 

8 

7 is 

o 6 Cr c om fc 

ES = —l+ wig u 
Le i ti fa fe 5 
Ss 

S .8 
o 2 IVER 
5 = a) f.. A 

a \ 
1.0 S 

a My \ age Lf L 

a° 28 V 
a) N 
£ 2 \ 5 \ / 
3 6 E \ & 5 

ihr é 
: py S 
2 = 

1 
0 

Fic. 1. Effect of the administration of small amounts of ether on the tempera- 

ture of the brain and of the liver. 

effect of the successive administration of small amounts of ether, the 

intervals being long enough to allow the animal to become nearly 

conscious between the doses. 

Nitrous-oxide as compared with ether showed a less marked 

change in the temperature and fewer fluctuations, thus giving a more 

stabilized curve (Fig. 2). | 

Chloroform showed an initial rise in temperature corresponding 

to that produced by ether. When full anesthesia was established the 

temperature fell. 

Adrenalin: A number of observations have been made of the 

effect of the intravenous injection of adrenalin upon the temperature 
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Fic. 3. Effect of the injection of adrenalin upon the temperature of the liver 
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of the brain, the liver, the thyroid gland, the adrenal glands, the 
spleen, the intestines, the kidneys, and the muscles (Figs. 3-5). 
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The uniform dosage employed throughout was the same as that used 

in previous researches, viz., 0.4 c.c. per kg. of 1: 1000 adrenalin 

chloride (P. D. & Co.). 
In every case, the brain showed a very characteristic rise in tem- 

perature, the temperature increase continuing for from ten to fifteen 
minutes and amounting, on an average, to about 0.7° C. The other 

organs usually show an effect just opposite to that in the brain, the 

minimum temperature, however, usually occurring a few minutes 

later than the corresponding maximum for the brain. 

In several cases the temperature of the spleen and of the intestine 

fell markedly, in some cases as much as two degrees or more (Fig. 4). 

In all the above experiments the thermocouple was inserted in the 

gray matter of the brain and in every case a rise in temperature was 

noted. It was found, however, that when the thermocouple was 

placed in the white matter, no change in temperature occurred after 

the injection of adrenalin. 

Amyl Nitrite: The inhalation of amy! nitrite produced a marked 

rise of 1.1° C. in the brain temperature, the liver showing no de- 

cided effect, excepting a slight, continuous decrease in temperature. 

___ Electrolytes: The action of sodium and calcium chlorides has an 

important theoretical interest. Fig. 6 shows the effects of the in- 

jection of these salts upon the temperature of the brain. The well- 

known antagonistic relation existing between sodium chloride and 

calcium chloride is strikingly illustrated. The doses given were 2 

c.c. of a saturated solution—36 per cent—of sodium chloride and 

I c.c. of a 10 per cent. solution of calcium chloride. 

Sodium Cyanide: The action of a strong poison was shown by 

various injections of sodium cyanide. The injection of 0.001 N solu- 

tion caused a slight rise of temperature, corresponding to the stage of 

excitement. The injection of 0.01 N solution produced a state of 

depression, while an injection of 0.1 N solution caused an immediate 

drop in temperature followed by a marked rise; during a period in 

which violent tremors and convulsions were occurring. During 

these convulsions the temperature fluctuated over a range of 0.1° he 

The result of the injection of still stronger doses was an immediate, 

rapid decrease in the temperature of the brain followed in a few 

minutes by death. 
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SUMMARY, 

1. By means of direct measurements of the variations in the tem- 

perature of animal tissues, new light may be thrown upon the action 

of any agent upon the organism. 

2. The observations thus far made are consistent with the clinical 

observations, and with the findings in other forms of physiological 

research. 
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THE AGE OF THE EARTH FROM THE GEOLOGICAL 
VIEWPOINT. 

By T. C. CHAMBERLIN. 

(Read April 22, 1922.) 

GENERAL INTRODUCTION. 

In pioneer days, when the sciences were struggling for a place in 
the sun, it fell to Geology to pull up and set back the stakes that man 
had stuck to mark the beginning of the earth. This seemed to many 
a moving of sacred landmarks; to others it seemed a wanton use of 
the secrets of the cemetery of nature’s dead. A bitter war arose: 
racial bias disputing the rock beds; tradition and sentiment fighting 
mud layers and fossil imprints. The struggle that followed was long. 
The throwing of rocks and rock-ribbed arguments grew to be an art 
that might well have drawn forth the envy of an Ajax. But the 

substantial slowly gained on the sentimental. The brutal cogency of 

a slab of fossils could be hated and fought, but could not be gainsaid. 

And as the tide turned, the geologist began to play crusader; he 

mounted his war horse and went forth to convert the world—includ- 

ing, withal, some of his scientific colleagues. 

After a time, however, the battle shifted to another field. Darwin 

and Wallace drew off a following and taught them to use the subtler 

weapons of “the struggle for existence” and “natural selection.” 

However, they still plied the old geologic weapons, for they, too, had 

reason to point to bed on bed; they had need of even more time than 

the geologists. So they took the lead and the team became a tandem, 

Biology prancing in front, Geology trotting on in the thills. 

But the spirit and abandon of this team soon awakened a new 

antagonist. Kelvin took the field in the name of Physics, Astronomy 

and Mathematics, and sought to set metes and bounds to the back- 

ward extension of terrestrial time. He told the tandem, with much 

show of premises and figures, that the feed on hand positively would 

247 
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not let them go as far as they proposed. The tandem was reined in 

and marked time, losing not a little of the free natural pace it should 

have retained. 

But in time this great antagonist was neatly flanked from an 

unexpected quarter. Certain physicists and chemists discovered that 

they had a decaying atom on hand. They keenly watched its rate of 

decay and soon came to see that if atoms take as long to grow as 

some of them take to die off, there should have been time enough for 

this little ball of atoms to get together—and plenty of energy as well. 

So, too, astronomers began to see that the making of globular 

clusters and stellar galaxies required time. If 60,000 suns have time 

to come together and work themselves into a steady state while yet 

they are suns, the getting together of our little earth may be merely 

a negligible matter after all. And so a new order of things has 

arisen. The tandem is a vexed tandem no longer. We now have a 

fine four-horse team; Astronomy and Physics at the front, leading 

off at a great pace; Biology on the pole, steadying the team, and 

Geology plodding on as the old original wheel horse. 

Tue GEOLOGIC PROBLEM. 

Now, I must hasten to warn you not to expect much of the old 
wheel horse. He has grown stiff in his paces, and his paces are not 

what they should have been. Kelvin checked him too high. A 

reasonable check should have given him good form and some sense 

of restraint, but checked too high, he took to short mincing steps. 

As a result he’s in poor shape to swing into the great pace of the new 

leaders. It is too much to expect him to recover his natural step at 

once, but he will in time. For the present, he will need a touch of 

the whip now and then to make him keep pace. Let this be gentle 

and considerate, because of his age and his past service, but let it 

be persuasive. 

REPRESENTATIVE GEOLOGIC TIME-ESTIMATES, 

It is a simple matter, theoretically, to use the rate at which sedi- 

ments are being laid down, or solutions gathered into the ocean, as a 

divisor to find the time required to lay down the whole column of 

sediments or the whole accumulation of the salts in the sea. Practi- 
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cally there are serious difficulties. In the first’ dozen years of this 
century four notable estimates were made in this way by able geolo- 
gists: two American, Clarke! and Becker ;? two British, Joly* and 
Sollas. These estimates form an admirable point of departure for 
this discussion. They represent the mode of geologic interpretation 
that has been most current until recently ; they typify opinions widely 
held by the conservative school of geologists; they stand out in con- 
trast to the views of the new school. The mean of the four esti- 
mates, on the basis of the sediments, was 90,000,000 years, roundly; 
on the basis of the ocean, 95,000,000 years. The highest individual 
estimate was 150,000,000 years; the lowest 70,000,000 years. I shall 

not deal with the individual estimates, but merely with their mean 

value, and with that only as representative. 

My discussion can not be specific and concrete without some refer- 

ence to views in other fields. My colleagues in this Symposium will 

give you the last word from their viewpoints, and if I could follow 

them I would gladly take their estimates as specifically representative 

in their several lines. In lieu of this, I can only use such general 

views as are current. It has long been known to be the view of many 

biologists that the evolution of life required much more than 100,- 

000,000 years. It is also well known that most estimates based on 

1F. W. Clarke, “A Preliminary Study of Chemical Denudation,” Smiths. 
Misc. Coll., LVI., No. 5 (1910) ; “ The Data of Geochemistry.” 

Miceorge F. Becker, “The Age of the Earth,” Smiths. Misc. Coll., LVI, 

No. 6 (1910). 
_ 8J. Joly, “ An Estimate of the Geological Age of the Earth,” Trans. Roy. 

Soc. Dublin, VII. (1809), pp. 23-66; “ The Age of the Earth,” Phil. Mag., 6th 
ser., Vol. XXII. (1911), pp. 359-80. 

4W. J. Sollas, “ Presidential Address,” Quart. Jour. Geol. Soc., Vol. 65 

(May, 1909), Proc. Geol. Soc. of London., Sess. 1908-9, pp. 1-cxxii. 

_ 5It is not practicable to summarize the time-estimates of the newer school 

consistently with the division of labor adopted in this Symposium since they 

are composite, embracing organic, astronomic, and radioactive factors, with 

some emphasis on the last. The following papers of this class may be 

taken as representative: J. Joly, “ Radioactivity and Geology,” Van Nostrand, 

New York (1909), pp. 233-51; Arthur Holmes, “The Age of the Earth,” 

Harper Bros., London and New York (1913), pp. 1-196; J. Barrell, “ Rhythm 

and the Measurement of Geological Time,” Bull. Geol. Soc. Am., Vol. 28 

(1917), pp. 745-9004; T. C. Chamberlin, “Diastrophism and the Formative 

Processes,” XIII., “The Time over which the Ingathering of Planetesimals 

was Spread,” Jour. Geol., Vol. XXVIII. (1920), pp. 675-81. 
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radio-activity greatly exceed this. Astronomical opinion has recently 

been trending toward the view that long periods are necessary for 

certain typical phases of celestial evolution. Perhaps I may over- 

step my proper limits far enough to say that I have recently tried to 

form some notion of the time required for the gathering of planetesi- 

mals from what seemed a probable distribution into the collecting 

planetary nuclei, and found a period of the order of two or three 

billion years the most probable. These current views in the collateral 

fields warrant me in assuming that there is a wide discrepancy be- 

tween the geological estimates just cited and the present estimates in 

the related fields. In view of this I can perhaps serve you best by 

inquiring whether the recent additions to geologic evidence and the 

newer modes of interpretation mitigate this discrepancy in any ap- 

preciable measure. Let us consider first what the newer evidence 

relative to the sediments has to say, and turn later to the solutions. 

THE TESTIMONY OF THE SEDIMENTS. 

In considering possible modifications of the foregoing estimates 

five questions arise: (1) How far do recent investigations tend to 

lengthen or to shorten the older estimates? (2) To what extent has 

human action made the present rate of wash and deposit faster than 

the mean pre-human rate? (3) How far does the present state of 

elevation make the present rate faster or slower than the mean rate 

of the past? (4) How does the present area of erosion compare 

with the mean area? And, finally, (5) does the lower end of the 

geologic column give us the point from which the accumulation of 

the sediments began? I can try to answer these questions only very 

briefly and inadequately. 

1. The Effect of Intensive Studies on Earlier Time Estimates.— 

A strictly accurate chronology reaching back from the present for 

several thousands of years is now being worked out by De Geer.’ 

6 Diatrophism and the Formative Processes, XIII., The Time over which 

the Ingathering of the Planetesimals was Spread, T. C. Chamberlin, Jour. 

Geol., Vol. XXVIII. (1920), pp. 675-81. 

7 Gerald De Geer, “A Geochronology of the Last 12,000 Years,” Proc. Int. 

Congr., Stockholm, 1910, p. 241; “ Kontinentale Niveauveranderungen im | 

Norden Europas,” ibid., p. 849; Spitzbergen, ibid., p. 1205; “ Phenomenes 

Quaternaires de Stockholm,” ibid., p. 1290; “ Quaternary Phenomena in the 

Southern Part of Sweden,” ibid., p. 1339. 
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He has succeeded in identifying the yearly deposits of glacial waters 
and in correlating them with annual moraines. In addition to this, 
_he has been able to match sections at distant points by comparing the 
succession of peculiarities in the annual “ varve ” layers. While this 
is a quite special method and has only limited application, it is impor- 
tant to general time estimates, because it gives a means of checking 
up other criteria that indicate glacial time, and these help check up 
certain non-glacial criteria. As is well known, the duration of the 
recent Ice Age was for a time a sharply battled question, and the-old 
views pitted against the new views came to be well defined. Though 
not yet ready for precise announcement, it is already foreshadowed 
that the De Geer method of measurement, when it shall have fully 

covered the retreatal stage of the last glacial epoch, will show that 

stage to be about three times as long as it was made by the most 

representative of the old estimates. The main differences of opinion 

as to the duration of the glacial period, however, grew out of the 

evidence that instead of one simple short epoch there were several 

epochs of glaciation separated by rather long interglacial intervals. 

Now, by using the De Geer method to correct the criteria on which 

time estimates of these glacial and interglacial epochs have been 

based, a glacial period at least twenty times as long as that assigned 

by the old estimate seems to be foreshadowed. Very likely this 

degree of extension of an old-time estimate by a new one is excep- 

tional ; at any rate, the glacial formations are exceptional deposits and 

make up only a small part of the geologic column. 

In considering the standard water-lain sediments of the column, 

it is to be understood that only rapid surveys or mere reconnaissances 

have as yet been made of the larger part of the earth, and that inevi- 

tably inconspicuous breaks in the continuity of the deposits have been 

overlooked. As a result recent critical studies have revealed in some 

cases surprising numbers of gaps in the continuity of deposition. 

For example, Dr. Stuart Weller, in a study of what was formerly 

regarded as a continuous section of the Mississippian, has found no 

less than 12 breaks in continuity. The time-value of these, in his 

judgment, is two or three times as great as that of the visible beds 

themselves. The time-values of such intervals are best judged by 

8 Personal communication. 
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comparing the faunas below them with those above, but this falls 

within the province of my paleontological colleague, and I therefore 

leave this source of correction in his hands, merely expressing the 

conviction that these breaks in the continuity of the sediments are 

quite sure, when finally and fully adjudicated, to extend greatly the 

old estimates of the time occupied in sedimentation. 

2. Human Acceleration of the Rate of Deposition.—To pioneers 

who watched the effects of floods, freshets and ordinary wash on the 

native surface of our prairies and forests in their virgin state, and 

who are able now to compare this with the present wash of the same 

surfaces under cultivation, there is no need to argue that human 

intervention has greatly hastened denudation and deposition. In the 

native state the surface was protected by thick mats of grass, leaves 

and other vegetal debris; while the soil was bound together by dense 

entanglements of roots. The waters then ran almost clear where now 

they run mud.® Added to this are the quickened deflation of winds, 

the wear of roadways, the effects of quarrying and other excavation, 

as well as the actual carting away of clays, sands, gravels, quarry 

stone, foodstuffs, timber, and other material. While it is not easy 

to fix on a definite measure of these effects, the needed correction 

seems certainly to be large. 

3. Correction for the Present Elevation of the Surface.—lt is 

held by leading American geologists that the general elevatory move- 

ments of the continents have alternated with periods of relative 

stability during which the processes of base-leveling and sea-trans- 

gression have cut down the continents and developed peneplains.”® 

9 A fuller statement of this with citations of data from Dole and Stabler 
and from F. W. Clarke is given in “ Diatrophism and the Formative Proc- 

esses, VIII., The Quantitative Element in Continental Growth,” T. C. Cham- 

berlin, Jour. Geol., Vol. XXII. (1913), pp. 522-28. 

10 The following group of papers emphasize the rhythmical nature of ele- 

vation and stability and of the action of the atmosphere and hydrosphere 

upon the periodic deformations of the earth body and thus form the basis for 

the arguments in this and the next section: “ A Group of Hypotheses Bearing 

on Climatic Changes,” T. C. Chamberlin, Jour. Geol., Vol. V. (1897), pp. 681- 

83; “The Ultimate Basis for Time Divisions and the Classification of Geo- 

logic History,” ibid., Vol. VI. (1808), pp. 449-63; “A Systematic Source of 

Provincial Faunas,” ibid., Vol.. VI. (1898), pp. 507-609; “ The Influence of 

Great Epochs of Limestone Formation upon the Constitution of the Atmos- 
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The periods occupied in the process of lowering the surface by 
denudation are held with good reason to be greater than those occu- 
Pied in its elevation by deformative action. It is needless to say that 
elevation increases the velocity of the run-off, and that this velocity 
greatly increases the transporting power.? It is generally agreed 
that the present altitude of the continents is greater than their mean 
elevation during geologic history. Geologists recognize at least two 
stages in which the continents were exceptionally high and broad: 
that which attended the transition from the Paleozoic to the Mesozoic 
Era, and that which attended the transition of the Tertiary to the 
present epoch. The existing stage thus falls in one of the most 
notable stages when continental elevation and breadth were greatest, 
though perhaps not at its climax. Geikie estimates the present mean 

elevation of the land at 2,441 feet.12 The mean elevation of the great 

peneplains is a matter of judgment rather than of knowledge, but no 

one would probably put the elevation at much more than a third of 

this. Probably a third is too high. The mean elevation for all the 

_ ages, high and low, quite surely falls somewhere between 2,400 and 

800 feet, and probably nearer the 800 than the 2,400. There can be 

little doubt, then, that the present rate of denudation and deposition 

is much above the mean rate. 

There are incidental conditions attending high relief which add 

appreciably to the immediate effects of the steep declivities to which 

it gives rise. Relief of the surface increases the vertical air currents 

and these favor precipitation; they also tend to concentrate the pre- 

cipitation and give it enhanced effect. High relief often induces 

sharp showers and distinctly rapid run-off. The smooth surfaces of 

the stages of lower elevation, on the other hand, favor a more even 

phere,” ibid., Vol. VI. (1808), pp. 609-22; and specifically as applied to the 

question of age; “ Rhythm and the Measurement of Time,” J. Barrell, Bull. 

Geol. Soc. Am., Vol. 28 (1917), pp. 745-904. The argument used in the pres- 

ent paper will be found stated as a quotation from Chamberlin in Holmes’ 

“The Age of the Earth,” cited above (1913), pp. 79-81. See also T. C. Cham- 

berlin, “ Diastrophism as the Ultimate Basis of Correlation,” in “Outlines of 

of Geologic History,” compiled by B. Willis and R. D. Salisbury (1910), The 

University of Chicago Press, pp. 298-306. 

11 See the special investigation of G. K. Gilbert, “ The Transportation of 

Debris by Running Water,” Prof. Paper 86, U. S. Geol. Surv. (1914). 

12 “ Textbook of Geology,” 4th ed. Vol. I. (1903), p. 49. 
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distribution of rain, a larger absorption into the soil, and a slower 

run-off of the remainder. So, too, accidented surfaces are likely to 

be ineffectively protected by vegetation, for lack of soil, or of ade- 

quate moisture. These and other incidental influences add appre- 

ciably to the total effect. It seems clear, therefore, that a large cor- 

rection is to be made to the present rate of denudation because of the 

relatively high elevation of the continents. 

4. Correction for Area.—This is to a large degree, but not wholly, 

an effect of the elevation of the continents, but none the less it 

deserves separate recognition. When elevation increases the land 

area, base-leveling and sea-transgression at once set in and combine 

their forces to reduce the exposed area. The result is very large 

variations in the areas of the ancient lands. The estimates of 

Schuchert and others for North America show variations that range 

from the full surface of the continental platform down to half that 

surface. Asa rule, of course, the lesser surfaces were also low sur- 

faces, and the two influences were cumulative. At stages of low 

elevation and slack drainage deep soils were likely to accumulate and 
these favored thick végetation which helped to hold the soils. Thus 

in several ways small area and low elevation united their influence in 

a cumulative effect which could not have been other than large. 

Partial Summary.—Summarizing at this point, it appears that 

four important corrections quite certainly must be applied to the 

present rate of geologic action to reduce it to a mean rate for the 

whole of geologic time. These corrections are cumulative. There 

seems to be no way at present to evaluate them rigorously or perhaps 

even very closely. The weighing of their value is greatly affected by 

the individual judgment, and that in turn by individual experiences 

and opportunities of observation. Speaking for myself alone, it does 

not seem to be overstraining the importance of these corrections to 

suppose that their cumulative value will be found great enough to 

bring the old-time estimates up to figures of about the same order as 

those of the current radio-active estimates. 

5. The Lower End of the Geologic Column.—Below the base of 

the Paleozoic series the geologic terranes are much obscured by 

diastrophism and metamorphism, It remains to inquire what is the 
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testimony of this obscured portion as to the horizon at which the 

sediments began to be deposited, for that is essential to measuring 

the whole period of deposition. It was once thought that the Cam- 
brian beds lay close upon “the original crust,” and that they either 

represented the real beginning of the sedimentary series or else an 

early stage close to the beginning. But as field work progressed it 

was found that first one and then another thick series of sediments 
lay below the Cambrian. It was further found that there were 

marked unconformities between these great terranes, and that these 

were of such a nature as to imply long intervals of time unrepre- 

sented by deposits ; that is, times when the deposition took place else- 

where. The number of such strongly unconformable terranes has 

been notably increasing as investigation proceeds. The correlation of 

these is not yet complete or even wholly satisfactory, so far as it has 

gone, but the leading workers in this field recognize six, eight, or 

more great stages. This Precambrian factor is thus certainly great, 

but just how great is yet undetermined. 

The mere extension of the sediments downwards in this large 

degree is not, however, the most significant feature of this recent 

work. Great granitic series form a prominent feature of these lower 

terranes. These were formerly taken to be parts of “the original 

crust.” They have been found, however, to consist of remarkable 

intrusions into earlier series made up of sediments, volcanic debris, 

and surface lava flows. The granites are not evidence of “the origi- 

nal crust of the molten globe.” Nor does there seem to be any other 

trustworthy evidence of “an original crust.” Thus observational 

evidence does not give the depth at which the bottom of the column 

of sediments is to be found, and theory is perhaps as favorable to a 

depth of a thousand or two thousand miles as any shallower depth. 

A reliable starting point for reckoning the total thickness of the sedi- 

ments is not available. ; 

Tue TESTIMONY OF THE SOLUTIONS."® 

In the effort to find the earth’s age by means of sediments advan- 

tage may be taken of the fact that each deposit makes its own indi- 

18 Only a brief general statement could be made at the Symposium for 

lack of time. Adequate citation of evidence or of authority, or elaboration of 
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vidual contribution. It is thus possible to sum up as many of these 

separate contributions as can be measured satisfactorily and rest the 

case there, leaving what remains of the earth’s age to be found out 

later or to be guessed at or to be ignored. But when the inquiry 

turns to the solutions it must face the fact that the contributions of 

each stage have been mingled with those of all other stages and the 

record to be measured is thus an indivisible unit. If the ocean, con- 

sidered as such record, can be used to measure age at all, it is the 

total age of the ocean. This total age of the ocean can not be ex- 

pected to tally with the age found from an unknown fraction of 

sediments. 

The Basis of Estimating the Age of the Ocean.—The interpreta- 

tion of the time occupied in the concentration of solutions in the ocean 
hangs on the assumptions made relative to its origin and to the entire 

history of the earth’s waters on land and sea alike. This includes 

the volume of the waters at the start and. all along; it includes the 

metamorphic solutions from within the earth as well as those that 

arise from surface action. Account must also be taken of such 

reversals of action as take material out of solution and return it to 

the solid state. All these must be considered, for they are all neces- 

sarily involved in the question of the age of the ocean. Some basal 

assumptions are unavoidable, and if we must deal with them, it is 

best to be frank and explicit about them. The necessary assumptions 

as to the early stages of the ocean are more or less speculative, but 

if we are to discuss the question of age at all, there is no occasion to 

be squeamish about that. It does not make the assumptions any less 

“ speculative ” to gloss over or shy at the fact that they are speculative 

or at least have speculative factors. Assumptions are least dangerous 

when explicitly recognized. They are even likely to be least specu- 

lative when the grounds on which they rest are carefully sifted, logi- 

cally weighed, and made to throw such light as they may on the ques- 

critical points was impracticable. The printed text gives somewhat more 

liberty and I have taken advantage of it to a limited extent and have recast 

this part of the text to accommodate it to this. I am greatly indebted to Dr. 

T. Wayland Vaughan, U. S. Geologist in Charge of Investigations on Sedi- 

ments, for aid in securing documents and personal statements from the de- 

partments of our general government and from its officials engaged in investi- 

gations bearing on the question in hand. 
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tion in hand. We have no call to discuss the age of the ocean at all 
unless we are ready to be frank about the other end of its history. 
The crux of the issue lies there. We are all agreed about the age 
of this end. 

The Two Types of Assumptions in Actual Use and their Radical 
Differences.*—Only two general types of assumptions require recog- 

14The four estimates of the age of the ocean which were cited earlier 
and which give an average age of 95,000,000 years, with a range from 70,000,- 
000 to 150,000,000 years, seem clearly to have been made on the basis of the 
inherited view of the origin of the earth. This assumes that all the material 
of the present hydrosphere, together with such substances of the present earth 
body as would be volatile at the temperature of molten rock, were held in 
the atmosphere which surrounded the supposed molten earth. The oceanic 

history is assumed to have begun when the waters from this primitive ocean- 

bearing atmosphere condensed upon the crust that had formed over the 

molten earth. The great influence which this view has had on geologic 
thought and the wide extent to which interpretations derived from it enter 

into various geologic concepts not recognized as its offspring, are chiefly due 

to the explicit teachings of the old masters who had clear cosmological con- 

ceptions and the courage of their convictions. Foremost of these among 

Americans was Dana, and as I once believed and taught this view but have 

become an apostate from it and the protagonist of another view, I trust that 
in ‘following Dana’s statment in the Fourth Edition of his Manual of Geology 

as a standard exposition I shall not be doing any injustice to the inherited 

view. 
On the other hand, the only accretional view that has been carried out into 

any measure of detail is the planetesimal hypothesis. (The most recent state- 

ment of points pertinent to this discussion may be found in a series of articles 

entitled “ Diatrophism and the Formative Processes,” I. to XV., Jour. Geol., 

Vols. XXI. (1913) to XXIX. (1921), particularly articles X. to XV.). To 

clear the air of needless fog let it be noted that this is not a speculation re- 

garding the origin of the universe, or of the stars, or even of our sun. It is 

merely an endeavor to explain the singular dynamic properties of the earth 

and its fellow planets and their strange relations to the sun. It is merely a 

definite endeavor to solve a very definite problem. It started from an attempt 

to test the tenability of the inherited view of the atmosphere just outlined. 

The hypothesis that the atmosphere once held as vapor all the water of the 

ocean and much other volatile material, was framed before the nature of gases 

was known. The view seemed logical enough under the old notion of gases. 

Special reasons for testing it by the kinetic theory of gases arose out of the 

relations of the atmosphere to glaciation. The results of the test were very 

unfavorable. It seemed wholly improbable under the kinetic constitution of 

gases that a molten earth could hold so vast and active an atmosphere. This 

adverse result led to other tests of a more mechanical sort. These disclosed 

certain critical facts in the dynamics of the solar system which, while not al- 
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nition here, the one based on the view that the earth started as a 

molten globe, the other that it grew up slowly by the accession of 

solid particles. For the purposes of the present question it is not 

radically material how the molten globe arose, on the one hand, nor 

by what celestial mechanism the accretion took place, on the other, 

beyond the fact that the material of the ocean was supposed to be 

assembled as a vapor about a hot earth, in the one case, ready to begin 

work in full volume when cooling took place, while in the other case 

the waters came into action very gradually. Out of these basal dif- 

ferences, however, there arise some important contrasts in the modes 

of later action that are almost equally radical in their bearings on the 

evolution of the ocean, so that both the original and derivative differ- 

ences need to be sharply in mind in considering the question of the 

earth’s age. : 
1. On the one hand, it is assumed that the ocean was essentially 

uniform in volume throughout all the ages, and that the disintegration 

of the surface rocks, the inflow of solutions, and the content they 

carried were also essentially uniform. If these assumptions are cor- 

rect, or if they hold true of a single leading element, as sodium, the 

present rate and content of inflow may be used as a divisor to ascer- 

tain the total time of inflow. This, however, is subject to the condi- 

tion that there is no important reversal of action, or at least none that 

can not be adequately measured and discounted, 

The alternative view assumes that the ocean grew to its present 

together unknown, had not been adequately recognized as indispensable cri- 

teria in the interpretation of our planery system. In other words, the earth 

and its family have ‘dynamic peculiarities that make the question of their 

origin a special one. These hereditary peculiarities point the way to their in- 

terpretation. The planetesimal hypothesis is simply the result of an attempt 

to follow these hereditary traits back to their parentage. It is as little as pos- 

sible speculative, for it starts with mechanical properties which are rigorously 

determinate and which must be met by any hypothesis of genesis worthy of 

serious consideration. It follows these back to their probable origin in other 

known properties and natural actions so related to them as to be their probable 

sources. The method followed was only a phase of the standard practice of 

geologists in following the vestiges of a recorded event back to their most 

probable sources. If peculiar at all, it is merely in that the vestiges are dy- 

namic. It ill becomes us to be squeamish about historical deductions from 

historical vestiges for there are plenty of people who regard geology a specu- 

lation from beginning to end and there is no present help for it. 
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volume very slowly from a small beginning, that the solutions came 

from three sources and were variable from the start, so that the whole 
_ history was very different from the preceding. The three sources of 

solutions were (1) the internal metamorphic action of waters en- 

trapped in the growing accessions, (2) surficial action by the atmos- 

phere and hydrosphere acting on the shell of the lithosphere, and (3) 

accessions of water-substance from the environing sphere under con- 

trol of the sun—particularly accessions through the system of ex- 

change between the ultra-atmosphere of the sun and the ultra-atmos- 

phere of the earth.* The first source brought one type of solutions, 

the second another, and the third added water that was essentially 

fresh. Under this view it is obvious that until this complex of 

sources and variations has been worked out the present rate of acces- 

sion has no claims to be regarded as a trustworthy divisor for ascer- 

taining the total period of activity. 
There are also two rather radically different methods of dealing 

with the geo-chemical evolution of the ocean. These are not neces- 

sarily connected with the preceding differences of view, but as a 

matter of fact they are closely associated with them. 

The first of these—associated with the older cosmological view— 

takes for its. start the concept of a universal crust acted upon from 

without by an atmosphere and hydrosphere, for its middle factor the 

streams, and for its end-products the sediments and the ocean. The 

matter in the sediments and in the ocean taken together are supposed 

to match the loss of the crust by decomposition and wear. Under 

this view any real failure to so match is a discrepancy to be accounted 

for. In the special problem in hand the sodium in the ocean, together 

with the sodium that remains in the sediments, should match the 

sodium once in the denuded rocks of the crust. So, also, the other 

elements of the crust should appear in due proportion in the sediments 

and the ocean. It is recognized in the cases of calcium, magnesium, 

potassium, silica, and other elements that there are reversals of action 

by which these elements go back into the solid state as new sediments, 

but it is held that sodium does not return to the solid state in the 

sediments in a similar chemico-physical cyclic way, to any appreciable 

15“ The Origin of the Earth,” The University of Chicago Press (1916), 

pp. 19-21. 
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degree. Thus the sodium now in the ocean is held to represent the 

accumulation of all the geologic ages, and this total accumulation 

divided by the rate at which the present streams are carrying sodium 

down to the sea is held to give the age of the ocean, barring some 

corrections to be noted later. The crux of the whole issue of age 

lies in the validity of these concepts, particularly the irreversibility of 

the sodium, 

The other view is far less simple. It looks upon the hydrosphere, 

of which the ocean is the chief concentration, as only the liquid phase 

of a solid-liquid-gaseous cycle through which the earth substances are 

passing. It is held that the earth is perpetually undergoing self- 

metamorphism in all its parts. This metamorphism takes place in a 

multitude of ways, each unit doing its part, in its own place, in its 

own way, and at its own rate. Each unit passes through its own 

cycles of liquid-solid-gaseous states according as its nature, its con- 

tacts, and conditions determine. Its career is wholly dependent on its 

own succession of conditions, and is only affected by what other units 

are doing under their conditions incidentally as it happens to come 

into working relations to them. The cycles that thus arise are so 

multitudinous and intricate that their correlation is a most formidable 

task which is scarcely yet fully appreciated ; little more than a begin- 

ning has been made toward its accomplishment. 

Under this view it is necessary to stress the fact that the simple 

solid-to-solution change from the rock to the ocean does not cover 

the whole evolution in the case of any substance. In most cases there 

are many cycles, some in parallel lines, some in succession. The 

content of the indurated rocks, on the one hand, and the content of 

the sediments and the ocean solutions on the other, are great features 

that have guiding value, but they are too general to cover with ade- 

quate accuracy the sub-cycles that make up the real history. The 

correlation of the whole is too largely conditioned by the number and 

speed of the constituent cycles to be successfully dealt with. It is 

especially affected by. the reversals from the liquid to the solid state 

which take place during the passages from rock to soil, from soil to 

fresh-water solutions, or to colloids and turbid suspensions, and from’ 

these to the concentrated sea solutions in the borders of the sea. The 
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deductions drawn from such a complication of cycles differ in very 

_ important respects-from the deductions drawn from a simple match- 

ing of the content of the igneous rocks with the content of the ocean 

solutions and the sediments. 

Now, in respect to sodium, it is, of course, recognized that it 

returns to the solid state in less degree than potassium, magnesium, 

and calcium. It is held, nevertheless, on good evidence, that the 

sodium does return to the solid state in minor equilibrium degree and 

is recounted. The reactions involved are controlled by the law of 

mass action and the mutual effects of the constituents on one another. 

The reactions are particularly affected by the degrees of concentra- 

tion, which are very low in the fresh-water solutions and quite high 

in the sea solutions. The trend of the reactions is toward equilibrium 

between the constituents, not toward any exclusive or monopolistic 

combination. Specifically, it is held that when the state of concentra- 

tion favors the sodium, it will displace either potassium, magnesium, 

or calcium, and that such displacements take place as a standard fea- 

ture in the processes of disintegration and solution, though only in an 

appropriate minor degree. 

Let us now turn to such determinations as are available for testing 

the validity of these contrasted interpretations. 

Discrepancies in the Matching of Igneous Rocks with Sediments 

and Solutions—The differences between the content of the igneous 

rocks and that of the sediments and the salts of the ocean have been 

put in definite form by Leith and Mead.*° Comparing first the 

igneous rocks with the sediments, they find the following excesses and 

deficiencies: (1) a deficiency of 3.1 per cent. in iron; (2) a deficiency 

of 26 per cent. in magnesium; (3) an excess of 32 per cent. in cal- 

cium; (4) a deficiency of 64 per cent. in sodium; and (5) an excess 

of 2 per cent. in potassium. If the corresponding constituents in the 

ocean are added to these severally, some of the discrepancies will be 

lessened, while others will be increased; the discrepancies do not 

disappear, though they are somewhat mitigated. 

2. It is recognized on all hands that the land waters vary greatly 

according to the nature of the drainage area from which they are 

16 C, K. Leith and W. J. Mead, “ Metamorphic Geology” (1915), p. 60 et 

Seq., particularly pp. 83-88. 
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derived. In some districts they consist largely of carbonates, or of 

sulphates ; in others of chlorides, or of silicates; while the degree of 

dominance varies greatly within each class. The solutions of the 

ocean, however, are not identical with any of these, nor with a simple 

mixture of them; the ocean solutions are dominantly chlorides, but 

constitute a combination which is quite distinctive. This implies that, 

instead of a theoretical mixture of the land waters, an effective 

chemico-physical reorganization takes place, a liquid metamorphism 

of the heterogeneous land waters and their content into the homo- 

geneous sea solution and its sediments. This is in a measure recog- 

nized, but the recognition is inadequate if the change is regarded 

simply as a liquid metamorphism. There is a neglected solid factor 

in the form of silts and clays that is of critical importance. The 

usual comparison is really between the clear waters of the streams— 

which are mainly the outflowing ground waters of the land—and the 

sea waters. The run-off and its contents—the wash-waters of the 

land and their burden of mud—are neglected. But it is this run-off 

water with its mud and the colloids that go with it which carry the 

larger part of the acid radicals of the soil from which the basic radi- 

cals were leached. The reunion of these acids with the alkalies in 

the border of the ocean constitutes a critical part of the metamorphism 

which gives rise to the ocean solutions and sediments. We will 

return to this presently. 

3. The Larger Part of the Solutions now Flowing into the Ocean 

Comes from the Sediments; the Lesser Part from the Igneous 
Rocks.—This becomes the more suggestive when it is noted that the 

sediments have been worked over repeatedly in some notable part; 

some small part, perhaps hundreds of times; some larger part, scores 

of times; while some other large part perhaps has not been worked 

more than once, unless we count in the many times most material is 

handled in going from the parent rock to the ocean. That the sedi- 

ments should still be able to yield saline solutions to the observed 

extent raises a vital.question into which it is necessary to inquire 

before assuming the practical non-reversibility of the sodium solu- 

tions. It is already well recognized that a part of this sustained 

productiveness is due to sea-winds which carry salt inland from the 
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ocean. This salt is thus counted as many times as it is carried back. 

An endeavor has been made to estimate and make allowance for this 

by taking the increase of salt solutions near the ocean as a criterion. 

It has also been recognized that salt solutions are entrapped in the 

pores of the sediments as they are laid down under the sea, and that 

when the beds are afterwards raised above the sea-level these solu- 

tions are drained into the streams and counted again as salts from the 

land. The amount of duplication involved in this depends on the 
ability of the rocks to hold salt water mechanically in their pores, and 

correction has been sought by estimating their porosity and discount- 

ing for it. Sandstones usually have the highest porosity and lime- 

stones come next, while shales are relatively close-textured and im- 

pervious, but still the shales are exceptionally productive. So, also, 

it has been recognized that beds of rock-salt occur in the stratified 

series, but these are held to be relatively unimportant. So still fur- 

ther some particles of the original rock may remain undisintegrated ; 

so, too, fresh particles may be cut away from exposed rocks by wind 

blast and widely though sparsely distributed. But when the modify- 

ing effects of all these have been recognized and discounted, there 

still remains a serious source of double counting of sodium which we 

must consider presently. 

4. The ratio of chlorine to sodium is a crucial matter, recognized 

but not sufficiently emphasized. Inspection of the drainage from 

regions of igneous rocks shows that the chlorine is relatively low and 

the sodium relatively high compared with the ratio of these elements 

in the ocean, which is about 1.8 chlorine to 1 sodium. The relative 

deficiency of chlorine in the drainage from the very rocks that are 

assumed to be the ultimate s source of the salt solutions raises a funda- 

mental issue. 

5. In view of this, let us make our inspection as sweeping as pos- 

sible. Let us compare the ratio of sodium to chlorine in the ocean 

with the ratio found in the average igneous rock of the whole “ crust.” 

The latest and most authoritative determination of the chemical com- 

position of the igneous rocks is that of Clarke and Washington, which 

gives the mean sodium content as 2.83 and that of chlorine as 0.096."* 

17 Frank W. Clarke and Henry S. Washington, U. S. Geol. Surv. and 

Geophys. Lab., Carnegie Institution of Washington, “The Average Compo- 

PROC. AMER. PHIL. SOC., VOL. LXI, S, DEC, 26, 1922. 
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From this it appears that the mean per cent. of sodium in average 

igneous rock is about thirty times as great as their content of chlorine. 

This is a large difference, but it does not represent the full dis- 

crepancy, for the chlorine in the ocean exceeds the sodium in about 

the proportion of 1.8to 1. Taking this into account, the discrepancy 

rises to somewhat above 50 to nr. This is a formidable discrepancy. 

How is it to be met on the assumption that the sodium in solution is 

not reconverted into sodium solids, but remains in perpetual solution? 

The dilemma is not much relieved by reckoning in the sediments and 

the ocean salts, for Clarke and Washington also give’® the ratio of 

sodium to chlorine when the atmosphere and hydrosphere are reck- 

oned in with the outer ten miles of the lithosphere. The discrepancy, 

corrected for actual oceanic proportions, is even then nearly 20 to I. 

Quite naturally volcanoes have been thought to be a source of excess 

of chlorine, but any contribution from the volcanoes is covered by 

this inclusion of the whole atmosphere and hydrosphere in the aver- 

age. Besides, the later studies of volcanic gases do not sustain the 

earlier views that they contained a specially high content of chlorine.*® 

The observed differences between the sodium and the chlorine appear 

to have grown mainly out of the normal processes of cyclic change 

when these are viewed in their largest aspects. If the sodium returns 

to the solid state in due (though lesser) proportion to the potassium, 

magnesium, calcium, and chlorine, as these constituents are found 

mixed in the solutes and the sediments, there is no necessary dis- 

crepancy in these great differences. The discrepancy is constructive 

and is imposed by the assumption that the sodium does not take its 

proportional part in cyclic action. Under the alternative interpreta- 

tion, the amounts of the several elements present in the ocean are 

primarily functions of their own cyclic histories; their proportions 

sition of Igneous Rocks,” Proc. Nat. Acad. of Sci., Vol. 8, No. 3 (May, 1922), 

pp. 108-13. In the paper as read at the Symposium I used the then latest and 

most authoritative figures, viz.: those of H. S. Washington, “The Chemistry 

of the Earth’s Crust,” Jour. Franklin Inst., in which the sodium was given as 

2.85 and the chlorine as 0.055. 

18Tbid. p. 114. ~ 

19 FE, T. Allen, “ Chemical Aspects of Vulcanism with a Collection of the 

Analyses of Volcanic Gases.” Papers from the Geophysical Laboratory, Car- 

negie Institution of Washington, No. 440 (1922), pp. 1-80. 
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are not predetermined solely by the composition of the igneous rocks 
- now at the surface, but rather by the relations of their own solvent 
to their non-solvent natures under the conditions of their long com- 
plex history. Specifically, in the case of sodium and chlorine, the 
observed ratio merely means that the solution stages of sodium com- 
pared with its solid stages are much inferior to those of chlorine, just 
as those of potassium are much inferior to those of sodium, and so 

on through the list. But, however cogent this may be, definite evi- 

dence that sodium does enter freely into the cyclic processes, in due 

-proportion to the action of its associates, however inferior the pro- 

portion may be, will naturally be demanded. Allusion has already 

been made to a neglected factor. Let us turn to that. 

The Mud Cycle Actuated by the Surface Floods—Familiar as 

this is in many respects, it has perhaps received less critical geo- 

chemical study than almost any other common feature of nature with 

which we are directly, not to say unpleasantly, brought into contact. 

The agricultural chemists have naturally been preoccupied with those 

elements of the soils that serve as plant food, the students of hygiene 

and domestic science, with waters suitable for drinking and culinary 

purposes, and the geologic chemists with the organic extracts and 

precipitates that form the limestone, dolomites, and siliceous beds. 

The mud factor of the surface wash has been neglected. And yet 

the muds (later shales) comprise much the largest part of the solid 

residue of disintegration. This solid disaggregated residue and the 

colloids associated with it are separated from the true solutions in 

large measure at the very start on their long journey to the sea. 

The true solutions are largely formed by waters that descend through 

the soils into the underlying formations and thus form the ground 

waters which pass by springs and seeps into the streams, giving them 

their steady supply of clear water. This is the water chiefly analyzed 

and taken into account in reckoning the material borne by the stream 

to the ocean. The solid residue, the clays, silts, and sands, however, 

are only slightly removed by the gentler rains which soak into the 

ground. They are carried down to sea chiefly by the floods following 

heavy storms, or by the thaw-waters of winter snows which form the 

spring freshets, or by flood stages from any cause. The turbid mat- 
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ter of these muddy waters contains a large part of the acid radicals 

with which the basic radicals of the true solutions were united in the 

parent rock and in the soils. While it is known that the muddy 

waters contain hydrous silicates of alumina and iron, partly colloidal 

and partly non-colloidal, together with finely divided siliceous silts 

and colloidal silica, full and exact information is lacking. Dr. Collins 

says that “the dissemination of silica in natural waters, particularly 

turbid waters, is one of the least accurately known of the determina- 

tions of substances present in appreciable quantities.”?° He adds 

that even “the exact state of the silica present in a perfectly clear . 

water is usually not known. It may be colloidal or it may be present 

as a silicate radical.” In addition to this—or perhaps the cause of 

it—investigation is embarrassed at the inland end of the cycle by the 

fleeting and irregular nature of the freshet stage, and by the rapid and 

intricate changes within the soils. The changes in the soil ara so 

rapid in certain respects that F. H. King found it important to make 

his determinations of water-soluble solutions by means of an impro- 

vised laboratory in the field so that determinations might be made as 

promptly as possible after the sample tube had taken the soil from its 

natural relations.*4_ At the sea end of the cycle the recombinations 

of the acid radicals with the basic radicals seems to take place chiefly 

at the base of the turbid water as it is carried out over the concen- 

trated sea solutions and diffuses into them. Before the acid radicals 

reach the bottom the reversing phase of the cycle has probably ended 

and a new cycle begun under sub-oceanic conditions. The experi- 

mental evidence in support of this conclusion is buried in a great 

mass of literature which relates primarily to other elements, particu- 

larly the elements that form plant foods, such as potassium, phos- 

phorus, etc., and those that form precipitates such as calcium and 

magnesium carbonates, but when these scattered data are gathered 

together their combined import is sufficient to make clear the essen- 

tials of what happens.* 

20 W. E. Collins, Chief of the Quality of Water Division, U. S. Geol. Surv. 
Personal communication. 

21 Bull. 26, U. S. Dept. Agri. (1905), pp. 26-27. . 

22 The following are among the more important early investigations: 

Way, Jour. Roy. Agri..Soc., Vol. 11 (1850), pp. 313-79; Vol. 13 (1852). 

pp. 123-43; Vol. 15 (1854), p. 491. 
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The present status of knowledge and opinion is summarized by 
the following quotations. 

Dr. Truog writes : 28 

The minerals or salts in soils consist largely of silicates. On weathering 

the bases are removed from the silicates, leaving acid residues or acid silicates. 

These acid silicates will react with salts like KCl and NaCl and remove the 

base and leave HCl in solution. When soil is treated with equal molecular 

strengths of these two solutions, the potassium is removed to a greater ex- 

tent than the sodium. This is due to the fact that the potassium forms 

more insoluble compounds with the acid silicates than the sodium. Further- 

more, silicates which have not had their bases removed will also react with 

these salts and exchange bases with them. For example, potassium chloride 

- will react with an insoluble sodium silicate in which reaction the potassium 

replaces the sodium and the sodium is left in solution as soluble sodium 
chloride. If an insoluble potassium silicate were treated with a solution of 

sodium chloride some of the sodium would replace the potassium and some 

potassium would thus go into solution as the soluble chloride. This, how- 

ever, would not proceed to as great an extent as the previous reaction, since 

the potassium forms a more insoluble silicate than sodium. In reading some 

of the literature on this subject one may get the impression that sodium 

is not retained by soils like the potassium, but this is really not the case; the 

action is merely relative. The potassium is retained to a greater extent 

simply because it forms more insoluble compounds with the soils. 

Dr. Milton Whitney** writes: 

The investigations of this Bureau 25 show that the absorptive power of a 

Eichhorn, Pogg.-An., Vol. 125 (1854), p. 126. 

Voelcker, Jour. Roy. Agri. Soc., 2d series, Vol. I., pp. 289-316. 

Kullenberg, Hoffman’s “Jahres bericht der Agrikultur Chemie,” Vol. 8 

(1865), p. 15. 
Lemberg, Seitschr. deutsch. Geol. Gesell., Vol. 29 (1877), p. 483. 

23E. Truog, Soil Chemist, Dept. of Soils of the College of Agriculture, 

University of Wisconsin. Personal communication. 

24 Milton Whitney, Chief Bureau of Soils, U. S. Department of Agricul- 

ture. Personal communication. 

25 These include numerous publications containing many analyses as well 

as spécial discussions, but as in all agricultural publications, the constituents 

that most concern plant life receive most attention and data relative to sodium 

is incidental. The following may be cited: 

Cameron, F. K., and Bell, J. M., “ The Mineral Constituents of the Soil 

Solution,” U. S. Dept. Agr., Bur. Soils, Bull. 30, 1905. 

Cameron, F. K., and Patten, H. E., “ The Distribution of Solute between 

Water and Soil,” Jour. of Phys. Chem., Vol. IL. pp. 581-93, 1907. 

Patten, H. E., “Some Surface Factors Affecting Distribution,” Trans. 

Amer. Electrochem. Soc., Vol. 10, pp. 67-74, 1906. 

Patten, H. E., and Gallagher, F. E., “ Absorption of Vapors and Gases 

by Soils,” U. S. Dept. Agr., Bur. Soils, Bull. 51, 1908. 
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soil resides almost wholly in the ultra clay or the colloidal material in the soil. 

This ultra clay is mainly a hydrous silicate of alumina and iron, with hydrated 
oxides of iron and probably alumina and absorbed calcium, magnesium, so- 

dium and potassium. It is of a colloidal nature, and can be separated from 

the soil in the form of minute droplets in dilute colloidal solutions which form 

into colloidal aggregates when the concentration is somewhat over one gram 

per 1000 c.c, 
The chemical analysis of the soil colloids which we have separated shows 

considerable amounts of lime, potash, soda and other material which we be- 

lieve to be absorbed in colloidal condition. We believe there is a distribution 

between the amount so absorbed and the concentration of the non-colloidal 

part of the solution. We believe also that the absorption of any one of these 

constituents such as potassium will be influenced by the presence of other salts 

such as sodium or calcium. Under all stable conditions there will be an equi- 

librium between the amount absorbed and the concentration of the surround- 

ing liquid. Sodium chloride lowers the absorption of potassium chloride and 

calcium salts lower the absorption of potassium chloride. In general soils and 

the colloids obtained therefrom absorb the basic ions much more readily than 

they absorb the acid ions. 

According to Clarke the earth’s crust contains 3.28 per cent. of NazO and 
2.96 per cent. of K.0. Thirty soils and the colloids obtained from the same 

collected by this Bureau contained in the soil 1.59 per cent. of K.O and 1.45 

per cent. in the colloids. The soils contained on the average 0.77 per cent. of 

Na:O and 0.29 per cent: in the colloids. These figures show very clearly the 

greater power possessed by the soil colloids to absorb and to hold back potash 

than they have for sodium. 
A diffusion experiment with a soil colloid lasting over two months in 

which large volumes of distilled water were allowed to act showed a loss of 

25 per cent. of total K.O and over 95 per cent. of the total Na.O. 

There is no question that the soil colloids are able to absorb NaCl. This 

is shown by the ancient experiments of making sea water drinkable by filter- 
ing through soil filters. 

Data and references examined show that under conditions of leaching by 
rain water where equilibrium conditions are changed potassium is largely re- 
tained by the soil but sodium is largely leached out. 

In the presence of much NaCl, as is found in sea water, ocean shore de- 

posits would undoubtedly absorb considerable NaCl up to the point where the 

colloids were in equilibrium with the sea water. If the material were then 

formed into a shale and elevated to land areas the induration would presum- 

ably destroy the colloidal properties leaving the NaCl free from its colloidal 

entanglements and with the change of the solvent from sea water to rain 

Patten, H. E., and Waggaman, W. H., “ Absorption by Soils,” U. S. Dept. 

Agr., Bur. Soils, Bull. 52, 1908. 

Schreiner, Oswald, and Failyer, G. H., “The Absorption of Phosphates 
and Potassium by Soils,” U. S. Dept. Agr., Bur. Soils, Bull. 32, 1906. 

Parker, E. G., “ Selective Adsorption by Soils,” Jour. of Agr. Research, 

Dept. Agr., Vol. I., No. 3 (Dec. 10, 1913). 
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water equilibrium conditions would be expected to remove readily a consid- erable amount of the NaCl while the K:O would be largely retained on the 
weathering of the shale and the reformation of colloids resulting therefrom. 

From these authoritative statements of present knowledge and 
opinion ; from the early experiments of Way, Eichhorn, Kullenberg, 
Voelcker, Lemberg, and others, in mingling soils with salt solutions 
and in passing salt solutions through soils, and from many inter- 
mediate experiments cited by Sullivan,2* there is left little ground for 
doubt that when the acid radicals previously separated from the basic 
radicals under conditions of very low concentration, again meet basic 
radicals under conditions of high concentration in the ocean off the 
mouths of the streams, reunion takes place in equilibrium proportions, 
The experiments of Lemberg are particularly instructive on this point. 
He treated potassium-aluminum silicates with sodium-chloride solu- 
tions of different degrees of concentration, and after thoroughly 
washing the solid material so treated found that potassium had been 

replaced by sodium in increased quantities as the concentration of the 

sodium solution was increased. Complete replacement of the potas- 

sium by the sodium did not take place, but only replacement to the 

degree required by the law of equilibrium. Now if, in addition to 

laboratory results, we recall that in former times salt water was 

freshened for use by passing it through soil, the periodic flooding of 

the border waters of the ocean by soil wash from the lands may be 

looked upon as a natural process of salt-water freshening. As there 

was wash from all the lands, and as the shales formed from the wash 

products are known to make up much the largest part of the sedi- 

ments, the process was really one of great magnitude. 

As the recombinations are divided among the constituents in 

accordance with the law of equilibrium, the sodium gets a smaller 

share than the potassium, but it gets a share. From the imperfect 

evidence one may guess that the sodium recombines to a third or a 

fourth of the extent of the potassium, but whether more or less than 

this proportion, it seems clear that enough sodium reunites with the 

acid radicals in their solid state to vitiate the use of sodium solutions 

as acriterion of age. This is as far as the present issue requires me 

26 Eugene C. Sullivan, “The Interaction between Minerals and Water 

Solutions with Special Reference to Geologic Phenomena,” Bull. No. 312, U. 

S. Geol. Surv. (1907), pp. 7-62. 
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to go. Doubtless other cycles follow in the sea and in the sedimentary 

beds, particularly when deformations take place or igneous and meta- 

morphic actions follow, but we need not dwell on these. 

The Cycles of Chlorine-—The climax of the solvent actions that 

enrich the sea is reached in the cycles of chlorine, but only a passing 

word can be given to these. The tenor of experiments with soils 

indicates that chlorine remains more persistently in solution than the 

sodium and associated substances. As the cycles of each substance 

spring from its own nature and the conditions it encounters, the very 

high preponderance of chlorine over sodium in the ocean finds its 

chief explanation in this more persistent solubility. Its proportion 

in average rock is only a conditioning factor and is not the chief con- 

trolling influence. When compared with sodium, which is much more 

abundant in the igneous rocks and indeed in the whole substance of 

the outer ten or twenty miles of the earth shell, atmosphere, and 

hydrosphere included,2* the logical conclusion is that the cycles of 

chlorine have always had a much larger liquid phase than those of 

sodium, and that this has been cumulative through the ages. Chlorine 

is better fitted than ‘sodium to be used as a criterion of age, but even 

in this last case there are formidable difficulties. Both sodium and 

chlorine and all the other constituents, as already noted, have their 

own histories which are difficult to disentangle. As Roger Bell neatly 

puts it: “ There are as many histories to be written about the waters 

as there are kinds of sediment.”’*® There would be an ocean highly 

charged with chlorides if there were no sodium in the earth at all. 

So there would be an ocean highly charged with sodium solutions if 

there were no chlorine in the earth. The status of the ocean at any 

time is simply the equation of the solution phases of the antecedent 

cycles of its constituents, all of which have passed through long, 

gomplex, more or less individual histories. In the tedious work of 

their disentanglement the older and simpler geo-chemical notions will 

not answer; the newer principles of chemistry, physics, and geology 

are indispensable. 

Conclusions—Our finding, then, in respect to the age of the 

earth from the geological viewpoint is this: ; 

27 Clarke and Washington, ibid., p. 114. 

28 Personal communication. 
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1. Estimates of time based on the well-preserved series of geologi- 

cal sediments will, when adequately corrected, probably fall into 

harmony with the revised deductions from paleontology, radio-activ- 

ity, and astronomy, so far as these cover the same ground. 

2. The distorted and metamorphosed terranes below the well- 

preserved series of sediments do not disclose the starting point of 

sedimentation. The sediments can therefore give no verdict on the 

total age of the earth; they are great enough, however, to show that 

the earth is very old. 
3. The science of hydrogeology, of which oceanology is only a 

part, is not yet ready to render a verdict; it has more need of a court 

of inquiry than a place on the witness stand. 

UNIVERSITY OF CHICAGO. 



THE AGE OF THE EARTH FROM THE PALEONTOLOGI-— 

CAL VIEWPOINT. 

By JOHN M. CLARKE. 

(Read April 22, 1922.) 

It falls to me to consider this knotty problem on the basis of the 

biological evidence alone, in so far as it is possible to disentangle this 
from its almost inevitable complication with geological accompani- 

ments. In saying biological I mean, of course, biology with the time 

element generously admitted; that is, not the biology of the instant, 

the present, but the long biological panorama leading up to the 

present. Thus I am in a different case to some of my colleagues, for 

I presume it safe to say that life can have come into being only as 

a secondary potency in the evolution of force. Just what I mean is 

that the combination or interaction of physical energies of different 

categories did not produce the form of energy we designate as life 

till after a very long chapter of the earth’s planetary history had been 

written. I may as well frankly say at the beginning that there can 

be little hope of arriving either at a reliable or an approximate con- 

clusion as to the age of the earth through this paleontological channel, 

unless the study of the chronological development of life may in 

some way afford a measure of the rate of vital processes and thus the 

measure of some short span or infinitesimal fraction of earth history. 

This is a shadowy road and this presentation must resolve itself into 

consideration of such evidences as there may be for time-requisites 

in the consummation of evolutionary biological procedures, whether 

in gross or in detail. The bare statement of this fact in such vague 

form must carry with it an indication of the grave uncertainty of the 

results except to minds of the fourth dimension. I am not convinced 

that it is within the power, now or ever, of even the most refined 

understanding of paleoritology, to accomplish this and establish such 

standards of measurements. Nor am I at all confident that the — 

attempts which have been made to establish such rates of procedure 

272 
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could justify the great labor they have exacted, were it not for the 
important accessory facts they have elicited. 

There seems to be no effective reason or very good philosophy in 
declaring, as some of our writers have been wont to do, that all life 
is one life. We seem to have really established the polyphylogeny of 
"several races not only in the lower phyla of animals and plants, but 
among the vertebrates, and in the thought of competent authority, 
even to the inclusion of man, and we assign these like products to a 
differently governed and directed inheritance emanating from fixed 

points in evolutionary history. This is an enlarging point of view in 

the interpretation of past life, and admitting its general effectiveness 

we can conceive and can justify a concurrence of physical energies 

which need not, and indeed should not logically, be restricted to some 

single outburst and some single definite moment in earth history. 

This intimation is that life itself may be polygenetic, though we would 

not have it interpreted as applying to the reiterative appearance of 

inceptive life through the ages, which is an old conception that still 

awaits its justification; it is rather only the precise implication of a 

terrestrial condition so controlled that by the intersection of the 

requisite forces life came into being at the points rather than at the 

point of such intersection—a crude way of stating it, perhaps, but it 

is an intimation of my meaning. 

When we gaze upon some of Walcott’s Burgess Pass fossils, see 

the extraordinary intricacy of their anatomy, as, for example, the 

crustacean Burgessia, with not merely the delicately toughened parts 

of its exterior, but the evidence of internal organs of great refinement, 

the lobulation and venation of renal. organs; and, in the trilobite 

Neolenus, the multiplex delicacy of gills and swimming or walking 

organs, the effective impression is that, as between such creatures and 

their nearest allies and perhaps their offshoots of to-day, there is-no 

difference in degree of specialization of structure, no progress in 

perfection of organic function. Indeed, we may even go further; 

modern allies of these creatures are in close straits of adjustment to 

their own physical surroundings, which are too often indicative of 

the surrender of progress, and to this I shall again make reference. 

But the Walcott fossils are from the Middle Cambrian, almost the 
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oldest term in the whole long series of rocks in which life has been 

well preserved, and we here, in this year 1922 of the Christian era, 

are unable to find that any progress has been made in the structure 

of these creatures or along the direct line of their development and 

succession. Their successors in time and place have adjusted, read- 

justed, adapted, and readapted themselves without having produced: 

a creature of their tribes which can be called a more intricate or a 

more perfect mechanism. 

And yet what has gone on in that vast interval of time from then 

to now? The successive derivation of all intermediate types of life 

have come into being. The trilobite Neolenus, from the viewpoint 

of the paleontologist, stands for a tremendous conception of the vast- 

ness of time behind it. This inconspicuous thing, standing back be- 

hind us in the dim days of the Cambrian, stripped bare now by the 

arduous labors of its discoverer, reveals a creature so highly special- 

ized that it must have commanded uncountable ages for its production 

by any such process of organic development as that to which we 

paleontologists make our allegiance. The problem behind the Neo- 

lenus is that of having developed out of the unicellular expression of 

life, under favoring physical conditions and directive impulse, this 

intricate and closely functioning organism. How long did it take? 

I would like to put the problem to the experimental biologist: Given 

an organism with a full equipment of motor and sensory nerves and 

an elaborated digestive tract, with specific organs of circulation, re- 

production, and of waste—is the distance greater from that starting 

point to the specialized creatures of the present, ourselves if you will, 

or from the nuclear cell (which we must hold to be not alone the seat 

but the radial point of life) up to that marvelously specialized crea- 

ture? Starts are slow, progress to be secure must be deliberate, the 

momentum of the impulse must be acquired gradually, the passage 

from a protozoan to a metazoan means the crossing of a deep moat, 

the climbing of a high wall. But the directive once acquired, then 

matters may go forward with acceleration. On the basis, then, of 

the structure of this ancient trilobite alone, it is safe and probably 

necessary to answer that Neolenus was farther away from the begin- 

ning of life, very, very much farther away, in the highest probability, — 

than we of to-day are from Neolenus. 
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This is a relative expression, but we can not be more concrete. 
The Walcott discoveries have lifted the veil from a scene in the 
panorama of life that was barely guessed before. In our previous 
general understanding there was, in the still earlier faunas, a group 
of creatures believed to be of simple structure and lowly place in the 
category of life; it was thought that with these simple things the 
caravan of life had got under way for its journey through the ages; 
and now we are compelled to believe that the journey was half over 
when this caravan first came under our eye. 

It is not my part to make a review of statements and calculations 

of earth age based on the rates of sedimentation from the Cambrian 

time on to the present; but whatever these are, they may, from the 

biological point of view, reasonably be doubled and then increased by 

some improper fraction, if we are to reach a competent expression of 

the duration of the life-day of extinct species—the zoéhemera, as I 

termed it many years ago, and of the sum of these which go to make 

a fraction of earth history. 

It has not been the practice of students of evolutionary pale- 

ontology to raise the question as to whether there were time enough 

available for the production of the succession of results which pass 

under their eye. Such an attitude would of itself be highly unphilo- 

sophical, and only a natural inquisitiveness or curiosity quite unessen- 

tial to the real philosophy of the succession and purpose of life has 

led to the occasional investigation as to the possible time-rate of 

evolutionary processes under historic and under natural conditions. 

We are not the makers, but the users, of time. There have been 

stages in the history of our science when we have been treated gin- 

gerly by astronomers and physicists in the allotment of time, but now 

that our colleagues in celestial mechanics are heaping upon us their 

munificence in the prescription of this heavenly commodity, we are ~ 

content; and the interpreters of radio-chemistry—we thank them for 

giving us what we already had. There is time enough. So much, 

_ indeed, that to absorb a needful share of it into the philosophy of the 

evolution of life actually requires of us a revision of our conceptions. 

I should, I think, take passing notice of the fact that the problem 

as to how species have originated, one from another, with or without 
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the help of mutations, variations, or variants, the problem of the 

factors which have controlled their production, does not belong to 

paleontology. Bateson, speaking recently at Toronto, has expressed 

the conviction that after the nearly three quarters century since the 

publication of Darwin’s Origin of Species we are still in doubt and 

darkness as to the causes of the origin of species. Incautious as it 

seems, that expression would still be a hopeful one if it means that 

in this relatively brief period the study of this theme, stimulated by 

Darwin, has led to the elimination of an extensive array of supposed 

factors, so that if the buried treasure, if it is really the treasure he 

has thought, has not yet been found, at least some of the brush has 

been cleared away from about the place where it lies hid. Both 

laborers, those in the field of living nature and those delving among 

the past creation, see the engrossing fact of evolution, but see it out 

of different eyes; the former perhaps as one would see a vast throng 

gathered together to acclaim a momentous event, a great victory or a 

high armistice; the latter as an endless army marching by, its van- 

guard already out of sight in the mists of the horizon, stragglers along 

the way falling back or giving up in hopelessness, while the intermi- 

nable procession ever emerges out of the shadow. 

Once upon a time, when Walcott was first bringing out his won- 

derfully specialized Cambrian fossils from the Burgess shale, I said 

to the discoverer in a jocular way, “ Keep on and you may find the 

remains of a Cambrian man.” In the recent address referred to, 

Bateson ventures more solemnly into this field. “It has been asked 

[I am quoting] how do you know, for instance, that there were no 

mammals in paleozoic times? May there not have been mammals 

somewhere on the earth though no vestige of them has come down 

to us? We may feel confident there were no mammals then, but are 

we sure? In very ancient rocks most of the great orders of animals 

are represented. The absence of others might by no great stress of 

imagination be ascribed to accidental circumstances.” Considering 

that these remarks were made in the presence of a great body of 

scientific men, among whom were paleontologists, I fear the speaker 

neglected to do what he should have done and as Artemas Ward was 

wont to do in like case, for in no evidence from any quarter, whether 
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it be of biology, geography, geology, meteorology, oceanography, or 
psychology, is there the slightest justification for seriously embalming 
such a fancy in a scientific address and sending it abroad in the 
world for the daws to peck at. 

We must fasten our gaze upon such impressive evidence as can 
now be adduced of the duration of time required in the attainment 

of organic specializations, and let me supplement those I have given 

by others taken from the plant world. Casting up the evidences that 

have been adduced by paleontologists and paleobotanists, I think the 
footings show very positively a large balance of argument in favor 

of the great conception that the life of the land has emerged from 

the sea. I believe it may be said, on behalf of paleontologists gener- 

ally and their broader deductions, that these are happy in the harmony 

of their conclusions in this matter after having experimented with 

and checked up alternate conceptions. 

The broader lines of evolutionary derivation and the best weighed 

deductive propositions seem to intimate a convergence of the life 

lines back to the sea and a radiation from it. The inception of life 

was the most solemn moment in the history of the Universe. We 

invite certain astronomers to refrain from further speculations and 

presumptions as to life in other worlds, and followers of Arrhenius 

from pursuing life spores through interplanetary space. These no- 

tions seem to be very exciting to the emotional public and there is 

indeed no shred of evidence of these things, no matter what physical 

conditions may be predicated of other worlds than this. So far as 

the evidence of outstanding facts and major probabilities goes, Life 

is confined to the Earth. Into this solemn event, the birth of life, 

the interaction of the forces requisite to emergence, we shall not here 

attempt to pry. We look back, then, to a primitive period of life in 

the sea, the Plankton epoch, the place and stage of life’s emergence, 

the surface life; followed by a Benthic epoch, the secondary stage of 

development in which the living forms had found the shallower sea 

bottoms and thereupon began their adaptations and more rapid 

evolution. 

I shall now borrow freely the brilliant conceptions of Church, 

the British paleobotanist, as to the procedure among the plants thence- 
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forward from the sea to the land, an act which implies time in im- 
pressive measures and yet an act which we know has reversed itself 

in later geological times, at least among the animals, with nostalgic 

energy and must again and again have shown a like reversion in both 

the animal and in the plant world. We see suggestions of these 

reversionary movements among the Amphibia and the Mollusca and 

many Mammalia, and it seems highly probable that a more exact 

knowledge of extinct life will establish these suggestions and awaken 

others. 

The Plankton epoch, says Church, gave rise to the first encysted 

flagellate plants which, under conditions of the Benthon, developed 

multicellular thallus, tissues and organs of special function and a 

reproductive mechanism contrived so as to minimize waste. Then 

followed the Epoch of the Land Flora brought on by the trans- 

migration of highly developed alge which in fact “appear to have 

been more highly organized than any single algal type at present 

known to exist in the sea.” “The alge of transmigration may be. 

. said to have combined the best features of the known great 

conventional series of marine phytobenthon.” “The origins of all 

the main successful adaptations of the land are to be traced down to 

the benthic phase of the sea.” In this impressive statement we are 

confronted by the quality of the plant life at its emergence from the 

sea. 

Now as to the period of its emergence, of foremost importance 

to our present consideration; Thomas C. Chamberlin in 1913 directed 

attention to the fact that the Precambrian rock complex is divided 

into earlier and later stages on the basis of the degree of disintegra- 

tion of the exposed rock surface. In the lower division there is an 

immature disintegration which implies partial decomposition, but the 

mature disintegration of the later division implies, he says, “some 

restraining agency that held the rock in place while the slow weather- 

ing completed its work.” “This view favors the existence of a 

vegetal covering of the land as far back as this period.” 

Church, therefore, has a well-found argument when in the pres- 
ence of this fact of precambrian weathering he intimates that it was 

with the uplifting and exposure of the primary rock to the air that 
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“the marine organism was brought into direct association with atmos- 
pheric air and _subaérial environment to mark out new lines of pro- 
gression to still higher and more strenuous forms of land life, though 
these are again necessarily expressed in terms of preceding organiza- 
tion and mechanism.” The point to be made here is that with the 
earliest lifting of land from the sea, benthic alge of advanced struc- 
ture, “the remarkable alge of transmigration,” as he has character- 
ized them, got their foothold on the land. “ The Evolution of the 
Land Flora was a phase of transmigration in situ” and did not 

involve a preliminary landward migration by the way of fresh water, 

“the biological factors being exposure to more or less desiccation and 

the removal of the food solution.” ‘The few races that survived 

only did so by pressing to the utmost any principles of economy in 

reproductive output that they may have previously initiated,” such as 

oogamy and fertilization in situ. 

The picture presented by this line of carefully founded reasoning 

is even more impressive in its demands upon time than the argument 

we have presented from animal life. It is summed up thus: Plants 

of complex organization and function—deductively of higher organ- 

ization than can be to-day found among the alge—had worked out 

their attainments before their arrival on the land, and probably this 

organic achievement, not surpassed in the seas of to-day, was accom- 

plished at a stage in earth history long before the Cambrian Epoch 

brought with it the tangible evidence of the complex animals. The 

argument from the plants is more highly deductive than that from 

animals, but its steps are logically taken from effect to cause, and in 

its presence we must stand uncovered at the inconceivable lapses of 

earth-time through which these transmigrant plants were slowly work- 

ing out their organization in the waters when there was no permanent 

land—a period of time which must have been longer than all time 

that has passed since the emergence of the Laurentian or the basal 

rock complex of the great shields of the earth. 

II, 

If we are prepared to concede the steadily increasing weight of 

evidence of the polyphyletic origin of genera which recent researches 
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have indicated for so many different groups of life, and can compel 

our conception to grasp the duration of the vast unrecorded past of 

life-history, there remains another phase of the paleontological record 

which in part emphasizes and in part serves as a check on this con- 

ception. It has fallen to me to study the earliest recorded expressions 

of dependent life—that is, the beginnings, so far as we can find them, 

of such consociations of animals as we are wont to designate as para- 

sitic, mutualistic, and symbiotic, wherein one creation has depended 

upon or adjusted itself to the life functions or habits of another, or 

has sought mechanical protection at the cost of its own locomotive 

independence. Two very obvious facts seem to stand out as a result 

of these inquiries: (1) That these interdependent conditions with 

which the living world is rife to-day, in passing backward to the early 

stages of Paleozoic time, become palpably fewer ; indeed, while such 

conditions are well marked in some groups and common in others 

during the middle and later Paleozoic, they are very unusual in the 

earlier stages and in the Cambrian fauna are little more than sug- 

gested. (2) This dependent state seems with reasonable clarity to 

be resolvable into an original loss of locomotive independence, a will- 

ingness to be fed rather than to feed, an adaptation to an easier mode 

of life. The commanding percentage of the Cambrian fauna belongs 

to groups against which the charge of surrender of locomotive inde- 

pendence can hardly be laid, though inclusive of groups of animals 

which in later stages did become infected with the loss of independ- 

ence, but still in a capital sense embraced those whose independent 

living was unimpaired. 

These considerations I have analyzed elsewhere in some detail 

and their significance is this—that the degeneration of life (for de- - 

pendence of necessity implies degeneration of physiology) has been 

a process attendant upon and of course influencing evolution, but 

apparently limited in its effects to that part of the procession of life 

which comes under our actual observation; that is, since the days of | 

the free and independent faunas of the Cambrian. If this is an 

approximation to the truth, as we believe it to be, then in a broad 

sense the real vigor of life, which established the major branches and 

laid down the plan of all future ages, was dominant in its purity in 
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the ages before the beginning of the life record in the rocks. How 

often the student of the past of the earth has exclaimed at the wonder 

that Man came through to his excellence, in a world permeated with 

ever-increasing conditions of degeneration. 

III. 

With such propositions as the foregoing we are confronted by an 

impressive requirement of time necessary to the development of life 

on the earth. It is a requirement that seems to roll back and ever 

backward into the undifferentiated ages of our planetary history. It 

is a magnitude that takes on proportions before which the outstanding 

estimates of time based on processes of rock building would seem to 

dwindle, and it partakes more and more of the magnitudes in which 

the radiologist has been wont to speak. The question for us now is 

whether our present knowledge affords any basis for an estimate or 

calculation of this time or any part thereof into a concrete expression. 

If it were possible to estimate by any or all approaches, the length of 

the life of a single extinct species in any part of the world, there 

would then lie a possibility of determining what fraction this given 

quantity might be of the whole. For more than two generations the 

evidence has been sought, paleontologists endeavoring first to establish 

the endurance of a given or index species as the basis of a geologic or 

stratigraphic element—a zone. 

Into the discussion of the Zone—its meaning in time and space—has 

entered.a very long list of eminent names in the science. The Zone 

has been looked upon as a sedimentary element in which a datum 

species slowly coming to its acme suddenly culminates and abruptly 

disappears; as such sedimentary unit in which not a species, but a 

mutation, or an entire fauna rises and falls. To Oppel the Zone was 

a space-unit. Buckman has embodied the time conception of the 

Zone in the word hemera. The double combination of time and space 

makes a biozone. The time unit has also been termed seculum by 

Jukes-Brown, moment and phase by the International Geological 

Congress. In the recent summary of these expressions and their in- 

terpretations as given by Diener, in order to determine a proper basis 

for his discussion, he employs the term Zone for the spatial, that is 
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horizontal and vertical distribution of a fauna, whose time is a 

Moment. 

The whole interpretation of these conceptions centers upon the 

origin and endurance of a mutation, which in the proper paleontologi- 

cal sense is a departure from a recognized species toward and into a 

unit which, by determinate action of the genes producing variation, 

will become another species. That is to say, the mutation is a clearly 

recognizable entity in paleontology, is the bridge crossing from spe- 

cies to species, the connecting link which establishes the continuity of 

the chain. Apart from considerations of physiology only, the pale- 

ontologist sees no further occasion for debating the existence of con- 

necting links or. of passages from species to species, or as to how 

species originate. The mutation is the departure from the one, seek- 

ing adjustment and failing, or seeking and finding it in what must be 

recognized from accepted standards as a distinct specific form, a dif- 

ferent species from its parentage. But when it comes to a matter of 

determining the rates, the time measure of these changes under vary- 

ing and all conceivable physical conditions, the pursuit seems to us 

hopeless, hopeless a priori, hopeless in observation. There are species 

that have held their own without change through the ages—“ immortal 

types ” they have been called; and there are others which have yielded 

so rapidly to change that their evolution is explosive. The same 

facts are true of groups of animals; and for the entire organic world 

there have been earth-wide periods of long stagnation as well as of 

rapid intensive change. So long as an estimate of the age of the 

earth rests on evidence of the rate of change or adjustment in organ- 

isms through the acquisition of new characters, we may as well 

abandon the attempt to express it in concrete terms and satisfy our- 

selves that for the development of life the duration of that fraction 

of the earth’s history is beyond human expression. 



THE AGE OF THE EARTH FROM THE POINT OF VIEW 
OF ASTRONOMY. 

By ERNEST W. BROWN. 

(Read April 22, 1922.) 

Astronomical evolution is considered under three heads: First, 
that method of observation in which it is assumed that all stages in 
the process are visible in the sky and so can be traced step by step. 
Second, physical theory, based on well-known laws such as those of 
gravitation, heat, etc. Third, pure speculation. When we attempt 
to apply these methods to the solar system, we find a complete absence 
of any observational evidence from the first point of view, because 
we have no stellar systems sufficiently near for us to detect planets if 

such exist. Thus evolution in the solar system is mainly a mixture’ 

of physical theory and speculation. 

All theories of evolution use the idea of contraction under gravi- 

tation, which in general causes a gain of heat and of angular velocity. 

The chief differences between the theories consist in the forms of 

matter which are assumed to come into existence under the operation 

of the process of contraction. Laplace imagined that a planetary 

nebula contracted and in the course of the process left behind rings 

of matter which later condensed into planets. Roche showed that 

under certain conditions matter will be thrown off along the equator. 

G. H. Darwin and Poincaré developed the processes of fission from 

which it was hoped that planetary bodies might be shown to have 

developed through successive divisions of the central body. Later 

workers at the theory, and particularly Jeans, have proved that this 

hypothesis is very improbable for planetary evolution on account of 

the fact that in this process of division the masses should be of the 

same order of magnitude and not, as in the case of the planets, of 

very different orders of magnitude. It has, however, been applied 

with considerable success to the evolution of close double stars. 

Finally there are the tidal hypotheses in which the matter is supposed 
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to have been drawn off by the close approach of some second body 

which later moved away. Each of these hypotheses has many objec- 

tions. But it may be stated that from these points of view we can 

learn nothing definite or even approximate about the age of the earth. 

Another method of approach is through observation of the present 

condition of the bodies in the solar system. For evidence we have 

eight major planets, but it is very doubtful whether from so small a 

number we can deduce any results of value. In fact, it is now well 

known that differences in mass may produce very different conse- 

quences in the history of bodies. Thus arguments drawn from the 

Moon, Mars, Venus, or the other planets have never inspired very 

much confidence. 

Still another method is a consideration of the present condition 

of the earth combined with the theory of contraction and subsequent 

loss of heat. Here we are on somewhat firmer ground, since we have 

many observations which give information: concerning the interior 

condition of the earth. Amongst these may be mentioned the values 

of the mean density and the surface density, the phenomena of pre- 

cession, nutation, etc., the measurements of earthquake and seismic 

waves, and measurements of the rigidity of the earth by various 

methods, and more particularly by that lately developed at Chicago 

by Michelson and his colleagues. From these phenomena we know 

with fair certainty that the earth behaves like a solid body which has 

approximately the rigidity of steel. It is sometimes assumed that 

this shows that the interior of the earth consists of matter which 

under surface conditions of pressure would be solid. Unfortunately 

the argument is doubtful, because we know nothing of the condition 

of matter under the pressures which it experiences at depths of one 

hundred miles or more below the surface of the earth. It is, there- 

fore, impossible to argue with any security concerning the tempera- 

ture conditions in the interior of the earth from these observational 

data. Lately Jeffreys has shown that under almost any theory of 

evolution the earth must at one time have been sufficiently hot so that 

all its materials were in a liquid state, understanding by this latter 

phrase, a state liquid under surface conditions of pressure. 
Thus the astronomical evidence which can be furnished as to the 
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age of the earth is practically nil and one must turn to methods outside 

the range of the astronomer’s work. 

A further difficulty may be mentioned. Evidence is accumulating 

that there is widely extended diffuse matter in space, some of which 

is visible and some of which is only evident on account of the 

obscuration of light which it causes. It therefore seems highly prob- 

able that the solar system in the course of several hundred million 

years may have passed through one or several such clouds. These 

would have effects, which from theory are well known, such as 

diminishing the mean distances of the planets from the sun, the circu- 

larization of their orbits, possible changes in the total angular mo- 

mentum of the system, and other effects such as the possible forma- 

tion of comets and the production of glacial and interglacial periods. 

At present, however, the consequences of this hypothesis are still in 

the range of speculation and need to be worked out in considerable 

detail before any arguments can be built on it. It may, however, be 

stated that such a hypothesis would have the general tendency of 

increasing the age of the earth as estimated from other sources. 



THE RADIO-ACTIVE POINT OF VIEW. 

By WILLIAM DUANE. 

In estimating the age of the earth one should measure the time . 

that has elapsed by some process in nature that takes place in one 

direction only and that does not change its rate when conditions 

(temperature, pressure, etc.,) alter. In most of the estimates of 

geological periods of time that have been made, the “clocks” em- 

ployed do not fulfill these conditions. Estimates based on the tem- 
perature of the earth, or of the sun, for instance, cannot be reliable, 

for the temperature of a.body may fall or it may rise. Further, the 

tate of change of the temperature depends upon a variety of condi- 

tions, such as the amount of energy radiated, the supply of energy 

to it, etc. 

Attempts have been made to deduce the age of certain minerals 

from the appearance of little round marks in them, called haloes. 

These haloes are supposed to be due to radiation from minute specks 

of radio-active matter at their centers. The colors produced by 

radiation in transparent substances depend, to a considerable extent, 

upon the temperature, so that no very great weight can be put upon 

geological periods of time estimated by means of haloes. 

There are, however, other radio-active processes, the rates of 

which do not, so far as we know, depend on the temperature or the 

pressure, nor upon any other physical or chemical state. 

During the last twenty-five years a large number of radio-active 

transformations of one chemical element into another have been dis- 

covered. Students of the subject agree that these transformations 

take place in one direction only, i.e., from an element of higher 

atomic weight to an element of lower atomic weight. Further, no- 

body has been able to alter the rate of a radio-active transformation 

by any process whatsoever, although numerous attempts have been 

made to do so. These radio-active changes, therefore, seem to offer 

a reliable means of estimating certain periods of time. 
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Among the radio-active changes appear processes in which the 

metal uranium transforms itself through successions of intermediate 

stages into the metal lead and into the gas helium. It does not seem 
necessary to describe in detail these series of transformations at this 

time. Descriptions of them may be found in the literature on radio- 

activity. It suffices for our purposes to say that the rate of trans- 

formation is such that 5 per cent. of a quantity of uranium changes 

into lead and helium in about 370 millions of years. 
We find uranium, lead and helium associated together in a great 

many minerals and it is natural to suppose that the helium and the 

lead were produced by the disintegration of the uranium during the 

past ages. Further, if we determine the relative amounts of uran- 

ium, lead and helium in a mineral we can form an estimate as to how 

' long these chemical elements have been in contact with each other. 

Estimates of this kind that have been made from the quantities of 

helium in uranium ores vary between 8 and 700 millions of years, 

according to the locality from which the ore came. Since some of 

the helium (it being a gas) may have leaked out of the ores these 

intervals of time must be regarded as minimum estimates. The 

uranium and helium must have been in contact with each other for 

at least as long as the periods mentioned, but they may have been 

together for much longer intervals of time. 

Calculations based on the quantity of lead in uranium ores vary 

from 340 millions to 1,700 millions of years, according to the locality 

from which the ore is obtained. _In this case another complication 

appears. We have learned to distinguish several different kinds of 

lead from each other. The various kinds of lead have similar chem- 

ical properties but differ from each other in their atomic weights. 

All the different kinds of lead do not come from uranium ; only lead of 

atomic weight about 206 may be regarded as produced from uranium. 

Until, therefore, we have determined exactly what the atomic weights 

of the lead in the various ores really are, we cannot be sure that the 

lead came from the uranium. We can assert, however, that there 

is no more uranium lead in a given uranium ore than the amount 

of lead actually found. Unless, therefore, the atomic weight of the 

lead in an ore has been actually determined and found to be about 

206, we must consider the estimate of the age of the ore as a maxi- 



288 DUANE—THE RADIO-ACTIVE POINT OF VIEW. 

mum estimate only. The lead and uranium cannot have been in 

contact with each other for a period of time longer than that calcu- 

lated from the known rate of transformation of uranium into lead. 

The atomic weight of the lead in a few ores has been found to 

be very close to 206. In one of these the age of the mineral has 

been estimated at a little over 900 millions of years. 

The calculation of the age of uranium deposits by means of radio- 

active data rests upon the laws of nature as we now believe them to 

be. It would be a waste of time to speculate on future discoveries 

(new radio-active elements, for instance, or alterations in the rates 
of radio-active processes) or on a possible evolution of natural law. 

The ages calculated from radio-active data represent the length 

of time during which we may suppose the chemical elements to have 

been in more or less mechanical contact with each other. They do 

not represent the time that has elapsed since the earth may have 

reached a state capable of supporting organic life as we now know it. 

Harvarp University Mepicat ScHooL, 

Boston, Mass. 
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OBITUARY NOTICES OF MEMBERS DECEASED 

THE LIFE AND SERVICES OF LOUIS PASTEUR. 

(Read Jan. 5, 1923.) 

Pasteur, like Lincoln, is a legendary figure. The son of the 
simple tanner of Déle, who was born only a hundred years ago, has 
become, by common consent, one of the heroes of mankind. His 
fame is secure. It rests upon no opinions that time can alter, but 
upon truth which he discovered. This truth we know and judge by 
its fruits. It has enriched us, relieved our sufferings, and preserved 
our lives. It has enabled us to see and to understand what was 
invisible. 

In the long history of science no man perhaps has been a greater 

discoverer ; none, assuredly, more exclusively a discoverer. Pasteur, 

said Gaston Paris, was the very genius of experimentation. To this 

end each of the traits of his character seems to have contributed ; his 

ardent patriotism, his quiet faith, no less than his love of labor, his 

sense of duty, and his burning passion for truth. The union of these 

traits produced no universal genius, but a strong, self-reliant, and 

virtuous personality, a man at once simple and great. 

I. 

The history of his life has been well told, and is widely known. 

For many years it is the characteristically modest story of a French 

professor. At school in Arbois and later at the Collége de Besancon, 

Pasteur’s faithfulness promised a useful life, rathan than one of high 

distinction. Later, when he went to the Ecole Normale in Paris, his 

true abilities began to assert themselves. It is of this period that a 

famous story, which has long since become traditional, is told. One 

of his comrades at the school, in discussing Pasteur, found no fault 

with him but one. He feared that Pasteur might accomplish nothing 

because he loved insoluble problems. At the Ecole Normale, Pasteur 

became interested in crystallography, and undertook a series of inves- 

tigations which within a few months after he had finished his work at 

the school led to his first great achievement. These researches occu- 

pied the earlier years of his productive scientific activity, they brought 

vt 
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him just fame, and led to the foundation of the department of science 

known as stereo-chemistry. 3 

He was sent in 1848 to Dijon as professor of physics, but fortu- 

nately was moved within a few months to Strasbourg as professor of 

chemistry. Here he completed his researches on the tartaric acids, 

which began in the crystallographical interest, and extended until they 

gradually included a very perfect treatment of the whole subject. 

Among other observations, one is important because it is the connect- 

ing link with his later work. He discovered that mould distinguishes 

between two nearly identical forms of tartaric acid when both are 

present, selects one for destruction, and thereby reveals a very re- 

markable specificity. The recognition of this chemical singularity of 

a microorganism is a clue to a great part of Pasteur’s later work: 

In 1854 Pasteur found himself at Lille as dean of the Faculty of 

Sciences. Lille is the center of an industrial region, and here his 

attention was attracted to the problem of fermentation, the manufac- 

ture of alcohol, and the industrial difficulties that were sometimes in- 

volved. Thus begins that work which continues without interruption, 

without logical discontinuity, without experimental discontinuity, 

throughout the rest of his life. It leads him on from one revolu- 

tionary discovery to another. 

The first study of fermentation, remarkable as it is and interesting 

as it is, does not suggest to the uninitiated what is to come; but it 

deserves to be explained. It was not published until after he had left 

Lille and returned to Paris as Sous-Directeur of the Ecole Normale. 

This work on lactic fermentation established with perfect accuracy 

several propositions. First, that lactic fermentation depends upon the 

action of a specific organism which is not yeast, and that the organism 

does not produce butyric acid, but only lactic acid; secondly, that 

good fermentation in general depends upon the purity and the homo- 

geneity of the culture and upon a nutrient medium suitable to the 

organism ; in the third place, that the nutrient medium must be suitable 

not only as nutrient material, but also as environment. Thus an acid 

reaction is favorable to yeast, a neutral reaction to the lactic acid 

organism. Finally, in a culture where there is more than one organ- ' 

ism there is an actual struggle for existence, and in the long run one 

form is likely to win, to dominate, and to supplant the others. This 
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struggle for existence may be modified by changing the conditions in 

the culture medium. 

A year after the publication of this work appeared Pasteur’s paper 

on alcoholic fermentation. Here he clearly showed the way toward 

the preparation of definitely known culture media in which each of 

the constituents was a pure substance. Into such a medium the 

organism could be introduced in very minute quantity by inoculation. 

The work that remained to be done before this could be accomplished 

with ideal accuracy and certainty was great, but the indications are 

clear, and there is no doubt about Pasteur’s partial realization of 

the aim. 

There followed studies of butyric fermentation, in which the pecu- 

liarity of the anaérobic fermentation process was established ; studies 

of putrefaction, in which the occurrence of hydrogen sulphide was 

noted among the products, as hydrogen had been noted in the butyric 

fermentation; and then in turn the investigation of the manufacture 

of vinegar and of the organism involved in the production of vinegar. 

At this time Liebig’s theory of fermentation, although shaken by 

Pasteur’s work, still had great weight in the minds of men of science. 

Liebig was one of the greatest of chemists. He had advanced not 

only pure chemistry, but also biological chemistry and agricultural 

chemistry. His theory of fermentation was a natural and, at frst 

sight, a proper development of the subject. Lavoisier had made it 

clear that fermentations are in one sense chemical processes, and can 

be described as such. The growing knowledge of that mysterious 

phenomenon, catalysis, in which substances seem to cause chemical 

reactions through their mere presence without being used up, had 

attracted great interest among chemists ; and it was perhaps inevitable 

that a theory like Liebig’s should have been suggested to explain it. 

But Liebig’s theory suffered from certain disadvantages. In the 

first place, it was unnecessarily elaborate—that is to say, it went far- 

ther than was expedient as a working hypothesis; and in the second 

place, it did not take account of the phenomenon that Pasteur had 

seen in his very first experiments and that recurred again and again 

in all of his studies of fermentation—the specific character of fer- 

mentations and the essential difference between fermentation pro- 

duced by one kind of organism and that produced by another. 



vt OBITUARY NOTICES. 

Liebig, when he undertook to defend his doctrine, still failed to 

realize this, and put himself in Pasteur’s hands for that reason. Yet 

Liebig, by retiring within the cell, so to speak, by pointing out that 

there still remains a question of what it is in yeast that causes alcoholic 

fermentation, of what it is in the lactic acid organism that causes 

lactic acid fermentation, showed that much remains to be explained. 

This question also interested Pasteur’s great compatriot, Claude Ber- 

nard, a physiologist who had reflected long and seriously on the ques- 

tion of the mechanism of physiological processes. In particular his 

attention had been called to the problem of what we now call enzymes 

or soluble ferments, by an observation of Berthelot’s. The presence 

of such substances within the cell seemed to Claude Bernard very 

probable. Pasteur paid little attention to these more theoretical as- 

pects of the question. Instead he turned his attention to the diseases 

of wine and beer. 7 

Pasteur next studied the diseases of the silkworm, which at that 

time threatened the whole silk industry of France. He found that 

there were two diseases involved, one chronic and the other acute. 

He made out the organism of the chronic disease, failed to work out 

clearly and unmistakeably the organisms of the acute disease, and was 

unable to obtain satisfactory cultures. But he conquered the diseases 

and saved the situation. 

During this period, in the year 1868, he was overtaken by paralysis 

and his life was despaired of. Yet he was destined still to live for 

nearly thirty years, and, until near the end, to live with undiminished 

activity, intelligence, and fruitfulness. 

Meanwhile the science of bacteriology was growing. Pasteur 

had, so to speak, created it.._ He had formed a school, partly by direct 

contact with men, partly by setting forth results that others desired 

to rival. In particular the disease called anthrax had attracted the 

interest of bacteriologists. The organism had been observed by Rayer 

and Davaine as early as 1850. Then Davaine had found that it 

seemed to be always present in sheep dying of anthrax, but he had 

failed to obtain cultures. Next Koch succeeded in making cultures 

and observed the spores. The proof of the bacterial cause of anthrax 

was, indeed, almost at hand. But men are slow to accept new beliefs — 

of a revolutionary character, and, as Duclaux has pointed out, it was 
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necessary at this moment, and perhaps in this particular case more 

than any other, to have an investigation so thorough, so unanswerable 
in every respect, that no one could longer doubt. Pasteur was the one 
man capable of conducting such an investigation. For years he had 

worked upon bacteria; he knew their behavior, he knew the methods 

of experiment, nearly all of which he had invented, and he possessed 

superb experimental skill. 

He proceeded to study the cultures of the anthrax organism, to 
pass organisms through successive cultures, and to experiment. The 

results clearly established the specific nature of the disease caused by 

this particular organism, and proved that it was the organism itself 

that had to be introduced into the body in order to produce the disease. 

These investigations and those of chicken cholera led him on to other 

pathological researches, for at length he began to perceive a phenom- 

enon that he had not suspected before, one which complicated the 

simple ideas that he had held. This phenomenon was diminution of 

virulence, a decrease in the power to produce disease, or in the severity 

of the disease as the organism varied through culture. He also found 

that he could increase as well as attenuate virulence. And then, with 

his clear vision of the necessity of turning a discovery into an act, 

he went on in the direction of vaccination, of rational as distinguished 

from empirical vaccination; and so he and the rest of the world were 

led to the knowledge of immunity; and finally his life work was 

crowned by the famous study of rabies. 

It is important not to omit a catalogue of these achievements of 

Pasteur, because, in the case of Pasteur more than in the case of 

almost any other man, his work is made up of the sum of the positive 

facts that he discovered. This is one of the characteristics of the 

man. Most great investigators have contributed relatively more by 

way of theory and relatively less by way of discovery than Pasteur. 

It is essential to go over and catalogue his positive achievements, if 

only incompletely, in order to appreciate the significance and the 

peculiar quality of the man. 

The facts discovered by Pasteur had created a new science. That 

new science was using his methods. It was because he had invented 

these methods that he had discovered the facts; for there is something 

very remarkable about the methods of Pasteur. He was a great 
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master of methods and of method. The particular method that domi- 

nated him was that of the chemist. His work consisted in the separa- 

tion, the purification, the recognition, and the characterization of indi- 

vidual things. These happened to be organisms instead of crystals. 

It was because he had exceptional ability to purify, to isolate ; because 

he had an intuition of what is pure and what is a good experiment— 

the chemist’s intuition—that he accomplished his results. 

Pasteur met with much opposition and did a great deal to stimu- 

late it. He fought. He fought vigorously, and he seems to have 

used polemic as a means of conviction. No doubt he enjoyed fighting. 

There is an amusing story of an episode in the Académie des 

Sciences. Some of his most certain results had been attacked by 

colleagues, who were quite unjustified in their criticisms. He crushed 

them with his answer, then turned to one of them and said, “ Do you 

know what is the matter with you? You are incapable of observing!” 

Then to the other, “And you, you are incapable of reasoning!” 

There was a murmur of protest from the Academy, and Pasteur said, 

“My vivacity has carried me away. I present my apologies to my 

colleagues.” Then he hesitated—‘‘ May I, now that I have admitted 

my fault and made amends, make a statement in extenuation? What 

I said was true, absolutely true!” 

II. 

There is a larger view of Pasteur’s influence. He studied, among 

other problems, that of spontaneous generation, and proved that there 

is no such thing in any experiment that has ever been made. Per- 

haps, if there be such a phenomenon, there is no great hope of our 

ever observing it. This question has attracted men in all ages. Aris- . 

totle has discussed it; it interested Harvey; it was studied by Redi 

in the Seventeenth Century; it was studied by Spallanzani in the 

Eighteenth Century; and by Schwann, one of the ablest advocates of 

the cell theory, in the early Nineteenth Century. Several of these 

investigators had the solution almost in hand; but they lacked the 

experimental skill of Pasteur, they lacked his critical faculty and his 

power to complete what he had begun. This study of spontaneous 

generation was important because it removed one of the greatest — 

sources of uncertainty in the interpretation of natural phenomena. 
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Yet there is something very much larger about Pasteur’s work than 

even this. 

It is customary to recognize as a department of biology the science 

called ecology. The name is abominable; the science is one of great 

beauty. Ecology concerns the relations between living things and 

between living things and their environment. It is, in fact, nothing 

but the better part of natural history. Let us ask ourselves what is 

going on on the surface of the earth. We know that water is circu- 

lating in the meteorological cycle. A part of this, and dependent 

upon it, is the organic cycle. The essential features of the organic 

cycle were plainly perceived by Lavoisier, who described it well in 

chemical terms, and who saw clearly that fermentation and putrefac- 

tion are essential stages of the cycle. But before Pasteur’s day no 

man could have a clear idea of many of the interrelations between 

organisms. Pasteur, by separating microdrganisms and accurately 

characterizing them, made it possible for men in imagination to put 

these pure cultures back into nature where they belong and to under- 

stand their manifold roles. Thus he withdrew a veil from before 

our eyes. 

That, very imperfectly stated, is the great achievement of Pasteur 

from the standpoint of pure science. He revealed a great new realm 

of nature that had not been understood before and that we are capable 

of understanding clearly today. 

It was not good luck that led him to such success. Somewhere 

he has himself said, “In the field of observation chance favors only 

the trained minds.” And that is peculiarly true of him. Pasteur 

made good experiments in the same way that Rembrandt made good 

pictures, or Beethoven good symphonies—he could not help doing so. 

His mind was trained; his hand was trained; and, what is not less 

important, self-trained. 

There is one further characteristic of Pasteur’s work that I wish 

to mention before turning to more general considerations, and that 

is his interest in what is concretely useful. To be sure, he was called 

upon by his country to solve the problem of the diseases of the silk 

worm; but long before this he had perceived that in industry, as in 

medicine, peculiarly interesting and important theoretical problems 

are involved. Why is this true? It is because in the old industries, 
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by a long process of adaptation, in spite of the fact that men have 

often not understood what they were doing, discoveries have been 

made and preserved. It is a case of the survival of the fit process. 

Any man who, with theoretical understanding, has ever been called 

upon to study a practical question must have been struck by the fact 

that the old useful arts are full of interesting scientific problems. 

Pasteur discovered this in Lille, and he never forgot it. The truth 

of the conclusion is confirmed by his whole career. 

III. 

Men of. science are likely to be philosophical. Few are so free 

from philosophical preoccupation as was Pasteur. It will be inter- 

esting, I think, to reflect a moment upon this subject.. 

There are several kinds of philosophical interest that may arise — 

from science, and we can find them all illustrated by men who were 

Pasteur’s older or younger contemporaries in France. There is, for 

example, the imaginative creation of the mathematical physicist, one 

of the most extraordinary productions of the human mind. This is 

well illustrated by the work of Henri Poincaré. It is perhaps not too 

much to say that Pasteur was incapable of such work. Certain it is 

that abstract principles did not seriously occupy his mind. 

Again, if mathematical physics presents certain kinds of problems, 

biology presents others of a different nature. One might suppose 

that Pasteur would have been attracted toward the general questions 
of biology, such as the problem of organization. Few among the 

great biologists have failed to reflect upon the mysterious integration 

of all the processes that go on in the living organism, how this comes 

' to be, how it is to be conceived and described. Claude Bernard is 

one of the greatest names in the history of this question. Pasteur 

passed it by almost entirely. 

Another type of scientific philosopher is the encyclopedist, splen- 

didly represented in Pasteur’s day in France by the chemist Berthelot, 

and by the mathematician Joseph Bertrand. So far as I know, there 

is nothing of the encyclopedist about Pasteur. He was far too busy 

making experiments to be concerned with collecting and carrying in | 

his head vast stores of knowledge. That was not for him. It is even 
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said that he paid scant attention to the current literature of his own 
special subject. 

Last, there is the tolerant, critical humanist, the man of large ex- 
perience in the affairs of the intellect. Such a man was Renan, but 
not Pasteur. Pasteur was a fighter, a man who believed perfectly 

and without qualification in what he knew to be so. Beyond this he 

clung to certain ideas which he had acquired in his childhood and 

which he loved. 

In order to perceive the really extraordinary contrast between 

Pasteur and a man who has arrived at a balanced philosophical out- 

look upon life, it will suffice to read a few of the remarks that Renan 

made in answer to Pasteur when Pasteur was received into the 

Académie Frangaise. The occasion was an.interesting one. Pasteur 

had succeeded Littré, the high priest of the positivism of his day in 

France, and was called upon to praisé a man whose views he could 

not share. Renan replied in part as follows: 

See, Sir, what strange people we are, and what irony seems attached to 

our efforts. Even in the matter of truth our qualities are less useful to us 

than our defects. One must not be too perfect. If M. Littré had been less 

sincere he might have avoided some mistakes. .. . 

You prefer another philosophy to that of Littré, one which you suppose 

will find a “last refuge” here. Ah! do not count too much upon that, Sir. 

The zone of our literary patronage is very wide. It extends from Bossuet to 

Voltaire. We often like to give sanctuary to the defeated; the cause which 

should find a last refuge here might well be in very bad case. We do not 

protect doctrines, we discern talent. That is how we never have to make 

retractions or denials. Everything passes away but we do not pass away, for 

we are dependent upon only two things, which we trust will last for ever in 

France: intellect and genius. We respect every form which clothes a noble 

belief. You, for example, use two terms which I should never employ: ideal- 

ism and materialism. The end of the world is the idea; but I know of no 

case in which an idea can be produced without material; I do not know any 

pure spirit, nor any work of pure spirit. The divine work is accomplished 

by the inborn tendency towards the good and the true which exists in the 

universe; I do not know whether I am a materialist or an idealist. 

It is prudent not to associate the end of moral beliefs with any system. 

The answer to the riddle which troubles and fascinates us will never be given 

us. As for myself, when anyone denies these fundamental dogmas, I feel 

inclined to believe them; when they are stated otherwise than in beautiful 

poetry, I am seized with unquenchable doubts. I am afraid of making too 

sure of them, and like the mystic described by Joinville, I am sometimes in- 

clined to destroy heaven for love of God. It is doubt for which one deserves 

credit... 
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There are in the intellectual order, apparent contradictions which do not 

exclude similarity. There are minds which are as impossible to bring to- 

gether, as—to make use of a favourite comparison of your own—to put two 

gloves one into the other. And nevertheless both gloves are equally neces- 

sary; each is the complement of the other. Our two hands cannot be super- 

imposed one upon the other, but they can be joined. In the great womb of 

nature the most diverse forces join and combine to bring forth a result of 

majestic unity... . 

Your absolute devotion to science gives you, Sir, the right to succeed such 

a man and to recall his great and hallowed memory to our minds. You will 

find in our meetings relaxation for a brain continually occupied with fresh 

discoveries. . . . You will observe with some interest the efforts of our criti- 

cal philosophy to make allowance for error, by distrusting its proceedings and 

limiting the scope of its own statements. Seeing how much may be taught 

even by apparently frivolous literature, you will get to believe that the dis- 

creetly expressed doubt, the smile, the delicate wit of which Pascal speaks, 

may have their value. You will not have experiments to make here, but that 

simple observation of which you speak so ill, will suffice to procure you some 

very pleasant hours. We shall communicate some of our diffidence to you, 

and you will give us of your assurance. You will, above all, bring us your 

glory, your genius, and the fame of your discoveries. 

On another occasion, at the reception of Joseph Bertrand as suc- 

cessor to the chemist Dumas into the Académie Francaise, Pasteur 

was called upon to respond, and for once permitted himself to express 

some of his own philosophical ideas. No man, indeed, however un- 

philosophical, can avoid acquiring some philosophical ideas of his 

own. Pasteur, like everyone else, but far more intensely than most 

other men, had a philosophy of life. But it was a simple and concrete 

philosophy which he expressed as follows: 

True merit in a true democracy; that is what you both [Dumas and Bert- 

rand] represent. 

True democracy is that condition which permits every individual to put 

forth his maximum effort in the world. ... Why must it be that beside this 

fruitful democracy there is another, sterile and dangerous, which under the 

pretext of fancied equality, dreams of absorbing the individual in the state 

and destroying him? This false democracy ... is the cult of mediocrity. 

It is suspicious of everything that is superior. . .. It may be defined as the 

league of all those who would live without working, consume without produc- 

ing, reach positions for which they are not prepared and honors of which 

they are not worthy. 

Pasteur is truly regarded by all Frenchmen as the embodiment of 

the qualities of their race. He was intensely patriotic, with a na- 

tionalism which does not yield to that of any man. He felt no greater 
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desire than to serve his country and to repair her misfortunes, no 

greater happiness than when he realized that he had done so. 
The greatness of Pasteur as a man rests upon the simple virtues 

that it is disaster to forget; filial piety, patriotism, love of work, love 

of truth, a deep sense of personal responsibility. But who shall ex- 

plain his greatness as a discoverer? He, like Faraday, is the very 

illustration of scientific method, which is of the domain of mind, not 

of mere logic. If we are ever to understand scientific method, it 

must be through an understanding of men like Pasteur. 

We discern in him a perfect balance between action and reflection, 

between self-confidence and self-criticism. Intensely concentrated 

without interruption during a half century upon his concrete prob- 

lems, sanguine and cautious, rapid and deliberate, intuitive and ra- 

tional, imaginative and—unimaginative, an idealist and a naive realist, 

he marched from victory to victory. 

LAWRENCE T. HENDERSON. 



REMARKS ON DR. HENDERSON’S ADDRESS ON 

PASTEUR. 

By DR. ETIENNE BURNET, 

Pasteur Laboratory, Tunis. 

I shall not venture to add anything to the remarkable address 

delivered by Professor Henderson. 

Pasteur was a chemist; a chemist is particularly entitled to praise 

the life and services of Pasteur. 

There is only one man in the world who would be able to add 

anything to what is known about Pasteur. This is Dr. Roux, who 

was more than 20 years the assistant, then a co-worker, with Pasteur. 

I had many times the privilege to hear Dr. Roux speak about 

Pasteur and point to the essentials of Pasteur’s genius and life. 

There is generally in such great men one favorite, one leading, 

thought, that enlightens them very soon in their youth and remains 

for life their most intimate faith and joy, like their “Star in the 

East.” Thus Elie Metchnikoff, we know, was forever a lover of 

myxomycetes. Pasteur was always in love with crystals. He ever 

believed that molecular dissymmetry would explain the origin of life, 

and was often repeating: “ What would be a man, who should have 

left instead of right albumines?” “ What a pity,” he said again, 

“that I have given up the study of crystallography!’’ Such an utter- 

ance helps us to excuse more indulgently that lady who, on account of 

a taste for drawing that was really displayed by Pasteur in his youth, 
said to him, at the climax of his career: “ Ah! Monsieur Pasteur, 

what a pity you have missed your calling 

Despite his partial love of crystallography, Pasteur at once realized 

that the study of ferments should overthrow the traditions of medi- 

cine. According to some critics, the logical, straight development, 

which we wonder at in Pasteur’s work, is an artificial scheme that 

was, so to speak, adopted afterwards, for beauty’s sake, because nature 

? 

xv 
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never acts so regularly, and genius is an impulse of nature. Such an 

opinion is quite false. Pasteur was from the first step and at every 

step conscious of his aim. His star, indeed, was a Morning Star. 

And sooner than is commonly believed, because of his always medi- 

tating upon the achievements of Jenner, he foresaw the value of 

microbian vaccination. The only man in the world in his time, he 

bore in himself, like an obsession, this leading thought: “ We must 

immunize against the infectious diseases.” As soon as Dr. Roux had 

discovered the diphtheric toxin, Pasteur immediately said to him: 

“ Now you must try some vaccination with it.” 

Pasteur, who appears as a precise, deliberate, matter of fact ex- 

perimentator, was endowed with an imaginative power, a thrilling 

wonder to his disciples. ‘He would,” Dr. Roux says, “expound the 

most profound and unexpected ideas, and propose the boldest experi- 

ments. Nothing was a priors absurd to him.” In the laboratory 

conversations he was somewhat slow to start, but soon excited and 

stirred, he gave way to fireworks of vast thoughts and audacious 

_ schemes. It is quite true that, on the day of his wedding, he over- 

looked the time. And later, very often, after a dinner attended by 

guests, Pasteur would wait a little, and then turning aside to his 

assistant say: “ Let us go and examine our cultures.” He knew how 

to spare his assistant’s time as well as his own. For instance, he 

usually answered letters very punctually. Once Dr. Roux, entering 

the laboratory in the morning, met Pasteur, who had already opened 

and answered some letters. Nay, he had even, by error, opened a 

letter addressed to Dr. Roux. So he handed the letter to him with a 

word of apology and added: “ Never mind, . . . let’s go to work. 

. . . | wrote the answer for you, too.” 

He was certainly a good, tender-hearted man, but he never lost 

sight of his thought and work. When he received, by telegraph, the 
news of the death of his assistant, Dr. Thuillier, who was studying 

cholera in AEgypt, he felt the blow like a father, and remained silent 

for a time; then, suddenly : “‘ Provided they did not forget to examine 

his blood.” 

Pasteur’s scientific life begins in 1866, the day when, as a young 

graduate of 22, he read a paper by Mitscherlich, on the tartrates and 
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paratartrates ; it ended with comments on vaccination against infec- 

tious diseases and hydrophobia. From end to end he is the same 

super-man. 
His family, his disciples, his country, will appreciate with a par- 

ticularly deep feeling of gratitude the tribute paid to him by those 

who had elected him as a companion to the American Philosophical 

Society. 



PERMEABILITY AND THE INCREASE OF VOLUME OF 

CONTENTS OF LIVING AND OF ARTIFICIAL CELLS. 

By DR. D. T. MACDOUGAL. 

(Read April 21, 1923.) 

GENERAL. 

Our present knowledge of permeability—of the way in which 

water and dissolved materials pass into and out of living cells—rests 

chiefly upon experiments upon the eggs of fishes, starfish and other 

marine organisms, on vegetative cells of alge, and upon the tissues 

of a few higher plants. The animal eggs used are of a type in which 

the passage of material into and out of the cell is controlled by a thin 

_ external membrane. This membrane is variously taken to be a pro- 

tein, a lecitho-protein, or a protein-lipin-soap combination by various 

observers. 

When the membrane is intact in an egg the interchange between 

the cell and the medium is at a very low rate. Disturbance of the 

membrane by a sperm or by a wide range of physical stimuli is fol- 

lowed by the increase in permeability which accompanies, or consti- 

tutes, an essential feature of fertilization. The series of theories 

which have been offered as to these effects box the biological compass 

and most of us are intrigued with the last interpretation presented, 
especially if it be novel or unexpected. 

The actual or functional importance of permeability is perhaps 

greatest in the plant in the root-hair action. These structures being 

the tubular extension of epidermal cells on the young and actively 

growing part of the root, although they sometimes persist and are 

active for 70 or 80 days. All exchanges between the soil and the 

medium must take place through these cells. The root-hair is at first 

a dense mass-of protoplasm limited by a fairly definite membrane, 

but its development quickly carries it to a stage in which the interior 

is occupied by an enormous vacuole, while the protoplasm forms a 

1 
PROC. AMER. PHIL. SOC., VOL. LXII., A, AUG. 10, 1923. 
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thin layer lying against the wall. Permeability here becomes a ques- 

tion of the passage of material through both wall and protoplasm, 

under conditions which will be described below. 

Determinations of permeability have been made by a wide variety 

of methods, including the study of visible and microchemical changes 

in the cell, analysis of sap and of the medium, measurement of hydro- 

gen-ion concentration in the sap and in the external solution, meas- 

urements of the electrical conductivity of the cell and of the medium, 

estimations of metabolism, plasmolysis, plasmometry, measurements 

of tissue tensions, and of diffusion, and finally by measurements of 

changes in weight and volume of living cell-masses induced by the 

entrance or loss of water and of other substances. 

This last-named method seems to have been used chiefly, if not 

entirely, with blood-corpuscles in animals, and with root-tips in 

plants. In the earlier work by Lunegardh in 1911 the time in which 

a root would undergo certain increases in length was taken as the 

index of the rate of entrance of salts. The later work by Stalfedt, 

and by Kahho in 1921 is of especial interest. The last-named made 

micrometic measurethents of the .initial contraction resulting from 

the immersion of root-tips in salt solutions, and also of the subse- 

quent expansion. The ratio of the expansion to the contraction was 

taken as the measure of the action of the salt solutions.’ 

THE PuRPOSES AND METHODS OF THE PRESENT STUDY. 

The present study of the subject was made for the purpose of 

obtaining facts and establishing principles which might be of use in 

the interpretation of major and minor variations in the rate and 

course of growth during the extensive observations which have been 

carried on in the last few years. Measurements of growth are most 

effectively made in terms of weight and volume. Determinations of 

the swelling of biocolloids concerned in growth éxpansions have been 

made by such methods as have been also described in full in previous 

papers. It was therefore found highly expedient to obtain the effects 

1 Lunegardh, K. Svenska Vet. Akad. Handl., 47, No. 3, 1911. Kahho, H., 

“Ein Beitrag zur Permeabilitat des Pflanzen-protoplasmas fur Neutralsalze,” 

Biochem. Ztschrift., 123, 284, 1921. 
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of the common bases and their salts on permeability in comparable 

terms. The effects of various solutions on living cell-masses have 

been recorded by the auxograph.? The flat joints of Opuntia 

which is abundant about the Desert Laboratory, and grows pro- 

fusely at the Coastal Laboratory, furnish a plate of material 

larger than the palm of the hand from which sections of material 

which will have two epidermal surfaces intact and fairly homo- 

geneous masses of thin-walled cells. The sections range from 3.5 

mm. to 6 mm. in thickness in different specimens, and are cut with 

_ epidermal surfaces of about 1 sq. cm., excluding the larger fibro- 

vascular tracts. The smaller ones ramifying minutely and _ thor- 

oughly among the parenchyma cells, with the large intercellular spaces 

facilitate the ready penetration of solutions into all parts of the mass, 

so that every cell is quickly subjected to the action of any solution in 

which the section may be immersed. Trios of such section are placed 

in a stender dish, and the swinging vertical arm of the auxograph is 

brought into bearing on the center of a triangular glass plate which 

rests on the sections. The record which is made is an integration or 

average of the action of three sections. 

The composition of the living material has been made the subject 

of extensive inquiries in this laboratory, and the information thus 

made available has had no little value in the present connection.* 

Estimation of the concentration and ionization of immersion 

liquids and of the cell-sap of sections have been made by the con- 

ductivity method. | 

The use of the artificial cell made it possible to determine the 

‘osmotic action of the contents, the amount of exosmose of the organic 

contents, and by conductivity tests the amount of the electrolytes lost 

from the immersion liquids to be absorbed or combined with the 

material of the external layers or diffused into the cell-contents. 

Discussion of some of these features is reserved for a future paper. 

The structure and composition of the protoplasmic layer and of 

the walls of such cells and of root-hairs is a matter of prime interest. 

2 MacDougal, D. T., “ Hydration and Growth,” Publication No. 297, 1920, 

pp. II-13. se ; 

8 Spoehr, H. A., “Carbohydrate Economy of the Cacti,” Publ. Carnegie 

Inst. of Washington, No. 297, 1919. 
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The generalized conception which may be formed as a result of recent 

studies by various workers is that the plasmatic layer is a mixture of 

the colloidal material occurring in the cell. These include the albu- 

mens, pentosans, lipins, soaps, and their compounds in a many-phase 

emulsoid system. The final structure is, of course, beyond the tech- 

nique of the cytoloigst; the use of the ultra-microscope may yield 

something in its elucidation. Whether the X-ray photograph may 

be employed toward the elucidation is doubtful, at least in the present 

stage of our researches, in which we must proceed principally upon 

theories of colloidal arrangement and action. 

The lipins, which are now conceived to be an important part of 

the mechanism of respiration in the plant, if not actually the scene of 

the pivotal processes, are abundantly present in active cells. Their 

participation in a mosaic membrane by the theory of Overton of 30 

years ago now yields to a consideration of their localized occurrence 

and condition as determined by direct observations. According to 

the conclusions of Hansteen-Cranner, these substances are in the 

form of an irregular deposit in the external part of the protoplasm, 

sending strands or processes into both the wall and into the plasmatic 

mass. The lipins being, some of them, both fat- and water-soluble, 

afford some interesting possibilities in the way of allowing the pas- 

sage of both salts and fats into and out of the cells. So far we have 

the picture of a denser phase of this material carried in a continuous 

phase of water-soluble lipins or phosphatides in which condition only 

water-soluble substances might diffuse. A reversal of phase by 

which the denser portion becomes continuous would be necessary to 

permit the passage of oil-soluble material. 

The wall, outside of its lipoidal component in the stage in which 

it is a control of permeability, has a skeletal structure of cellulose, 

swelling slightly in water, but entirely insoluble. A mixture of lipins 

mannosans, glucosans, and pectins, all liquifying or going into solution 

in water, occupy the spaces of mesh work. Pectates tend to accumu- 

late in the middle portion of the wall between joined cells stratifying 

as a middle lamella. In the case of a root-hair this material forms 

the external part of the wall. 

The absorption of water and of dissolved substances, or the pas- 
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sage of material out of the cell, are processes determined by the col- 
loidal condition or state of combination of the above materials. It 
is obvious that the physical problems presented are far more complex 

than those of an osmometer with a durable membrane of clay parch- 

ment, collodion, or rubber. 

The peripheral layer of a plant cell is permeable to water in all 

of the stages of interest in the present connection. The walls of 

_epidermal and other cells may and do become waterproofed, but such 

cells are relatively inactive or wholly at rest. 

On the other hand, the wall may not only permit the passage of 

water, but also all of the common salts. In such cases the control of 

material passing into and out of the cell lies chiefly in the plasmatic 

layer. It is only in cells in which this condition exists that the plas- 

molytic method of determining the osmotic value of the cell-sap may 

be employed profitably. In the root-hair, which is the principal ab- 

sorbing organ of the plant, the condition of the wall and of the 

plasmatic layer together determine the permeability of the cell as a 

whole. 

It is to be noted that by permeability the penetrability of a layer 

to ions is generally denoted, although some authors use the term to 

include the passage of water. The diffusion of ions is also generally 

taken to be independent of the passage of “water through a dense 

membrane. The penetration of the external layers of the cell by ions 

and their adsorption and combination with its components may alter 

the character of the membrane in such manner as to affect osmosis, 

though it does not seem to be clearly recognized by many authors. 

This action results in interferences with the diffusion of other ions 

and also affects the manner and rate of osmotic action. The observa- 

tions carried out with the artificial cell and with the sections of 

Opuntia-make this clear. Both the living cell-masses and the arti- 

ficial cell have been operated under conditions in which the immersion 

liquid was hypotonic to the cell-contents mainly; slightly hypertonic 

in some cases. 

Tue ARTIFICIAL CELL AND Its ACTION. 

The artificial cell used was an improvement of the design de- 

scribed before this society in 1922. As modified the cell was con- 
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structed of material more nearly approximating that of the plant with 

possibilities of greater biological interest, and its action was estimated 

by changes in the volume of the contents measured as outflow.* 

In the construction of such a cell, an extraction thimble of filter 

paper double thickness (Whatman, or Schleicher and Scholl), 33 x 80 

mm., is dipped in a mixture of ‘equal parts pectin and agar liquified 

at a temperature of 60° to 80° C. This is now dropped in go per 

cent. alcohol for 5 minutes, which dehydrates the colloids, leaving 

them in a precipitated or aggregated condition in the meshes of the 

cellulose of the wall. After the alcohol has evaporated, the shell is 

now filled with a 3 per cent. solution of lecithin or other preparation 

of lipoidal and albuminous material in water. The lipin is carried 

into the spaces between the particles of agar and pectin and is locked 

there by the swelling of these particles in the water. After draining 

a few minutes, a section of glass tubing 2 cm. in length is fitted 

snugly in the mouth of the thimble to give it firmness, and a rubber 

band is snapped around the whole to hold the glass reinforcement in 

place. About 10 cc. of agar or agar mixture is poured into the shell, 

which is turned in the hand to allow this to spread and set over the - 

inner surface of the wall, where it should form a layer about I to 2 

mm. in thickness. The stopper is inserted and the cell may be filled 

with suitable solutions to test its absorbing action in various media or 

immersion liquids. An initial absorption of water by the colloidal 

material in the wall takes up some of the water of the solution in the 

cell. As soon as these colloids are satisfied, a small amount to replace 

the loss, never amounting to more than a few cc., is dropped in the 

filling tube. Any further increase in the contents will result in the 

displacement of some of the contents, which will exude from the out- 

let, drop by drop, and should for convenience be collected in a small 

graduated cylinder where the amount may be read at a glance. 

The cell as described holds about 50 cc. of “ cell-sap,” and the 

most reliable results are secured by supporting it upright in a beaker 

of immersion liquid holding about 250 cc., with the top of the stopper 

at the level of this liquid and with the outlet tube resting on the rim 

of the beaker. 

# MacDougal, D. T., “ The Probable Role of Lipoids in Growth,” Proc. 

Amer. Phil. Soc., 41, 33, 1922. 
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The absorbing cell of the plant has a sap in which as much as half 

of the osmotic action is to be attributed to the salts present, the re- 

maining fraction being attributable to sugars, amino-acids, and other 

Organic compounds. These substances have in such instances inter- 

locked with the mechanism of the cell, and when the effects of re- 

agents on the permeability of these cells is tested, it is to be under- 

stood, of course, that the results imply additions and displacements. 

The present use of the artificial cell being that of determining the 

action of salts on a colloidal-osmotic mechanism, the cells are first set 

up with the “vacuolar ” contents of sugar, into which, of course, are 

dissolved as the cells are set in action, some solution of the albumi- 

nous compounds, pentosans, and lipins of the external layers. The 

principal experiments were carried out with sugar contents of 10 

and 20 per cent. solutions with osmotic values of nearly 8 and 16 

atmospheres, which are common among the plants about the Desert 

Laboratory. 

After the initial action of any series of cells was determined and 

_ various single salts had penetrated the cells the immersion liquids 

from which absorption was taking place were replaced with resulting 

conditions somewhat similar to those of the living cell. 

The widely divergent suites of data that may be secured by the 

hydration of material from different plants suggest varying composi- 

tion of the cell. It was therefore arranged that artificial cells should 
be constructed which should show the action of different colloids in 

the external layers. Relative permeability is taken to be denoted by 

the outflow from cells immersed in various solutions. Such data are 

also supported by determinations of the resistance or conductivity of 

the immersion liquids or of the cell-contents to ascertain the behavior 

of the electrolytes, which may have passed into the cell, absorbed by 

the colloids or combined with some of the material of the external 

layer. Estimations were also made of the exosmosis of the organic 

material from the cell-contents. . 

The albuminous components were omitted from the cells of the 

series below. The cellulose walls were infiltrated with a mixture of 

equal parts of agar and pectin, and then with lecithin. Later a plas- 

matic layer of agar was added. The action of this series is given in 

Table 1. 
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TABLE 1. 

ENpDOSMOSE OF AGAR-LECITHIN-PECTIN CELLS FILLED WITH A 10 P. CT. SUGAR 

SoLuTIon (NEARLY 8 ATMOSPHERES) AT 16-22° C. 

Immersion liquids at 0.01M....... KCL. | NaCl. | CaCl. ( ase ) Water. 

0,0002M, 

Osmotic value in mm. of mercury. .| 28 27 40 28 — 
Hydration value on agar......... 1305 II45 705 — I610 
Initial absorption from cell-contents} 4 cc. 0.9 cc. | 0.0 0.7 cc. 0.8 cc. 
Total of two cells in 24 hours...... I cc. bBo 6.51066. 1°2.7 60, 7.6G. 
Immersion liquids changed to..... CaCle | CaCle | KCL | No change} No change 
Total of two cells for 20 hours..... 4 cc. 9 cc. 3.4 cc. | 3.6 cc. 4.5 cc. 
Immersion liquids changed to..... NaCl | KCl CaCle | No change| No change 
Total of two cells for 24 hours..... O.3:Ce. 1°0.7' Ce, 11653 Cc, | 3.6 Se: 3.4 cc. 
Immersion liquids changed to..... CaCle | CaCl. | NaCl — — 
Total of two cells for 12 hours..... TOG, 1 F.' SC0 Pe eo, ae — 

The following general features are observable in the action of the 

cells in Table 1: | 

1. The relative effects of the various solutions on the action of 

the cells are approximately parallel to their effect on the hydration of 

agar, and in conformity with the electromotive series K, Na, (Na + 

Ca), and Ca. 

2. The data given show total action under the separate conditions, 

with some estimation of rate. The rate of intake is highest in pure 

water in the beginning. Like the living cell, the period of expansion 

is shorter than in cells subjected to the action of the salts. The 

initial rate in calcium is higher than in solutions of sodium or potas- 

sium, paralleling the results of Stiles as to absorption of these kations. 

The initial rate of sodium is higher than that of potassium. The 

initial rate in calcium when used to replace sodium is higher than that 

when potassium is replaced, in the earlier life of the cell. Replace- 

ment of calcium by potassium lowers the rate, which rises with the 

reverse replacement. 

3. Sodium-calcium solutions have an initial effect not markedly 

different from that of the sodium alone, but give rise to a steady 

continuing effect. 

4. The amounts of endosmose shown by the various cells are due 

to the osmotic action of the sugar solutions in drawing water into the . 

cells, through membranes which are variously affected as to per- 
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meability to water, to sugar and the entering ions. The endosmotic 

effect alone is seen in the cells immersed in water. Exosmose was 

the subject of special tests. 

A series of cells was now prepared in which the inner material of 

the wall was composed of an emulsion of gelatine 10 per cent. solu- 

tion in water, to which was added an equal amount of 3 per cent. 

lecithin solution; and 5 cc. of a solution of 1 part per thousand of 

potassium oleate had been stirred in the gelatine. The resultant mix- 

ture was clear and homogeneous. The action of such cells is shown 

in Table 2. 

TABLE 2. 

ENpOsMOSE OF CELLS WITH AGAR-PECTIN WALLS, TREATED WITH GELATINE- 

POTASSIUM-OLEATE-LECITHIN AND FILLED WITH A 20 PER CENT. 

Sucar SoLuTION. 

NaCl 
Immersion liquids at “3 CaCle 0.01M, 

0.01M...... . ats 2 KCl. NaCl. | (9.007M). Seawater. | Gach 
0.0002M. 

Total of two cells for 60) 
Oa eae ae | 15.4 cc. 25 cc. EAE CG. oh 2563 Cs 18.5 cc. 

Immersion liquids 
changed to........... | NaCl CaCle NaCl | NaCl NaCl 

Total for one cell for 24) 0.007M. 
SEG Sees | 5.2 4.0 | 0.7 | 2.9 2.4 

The principal features of the action of this set of cells are as 

follows: 

1. The highest initial rate of absorption of water is shown by the 

cells in a sodium solution, which is in excess of that in water. The 

rates in potassium, calcium, and in a sodium calcium solution are not 

markedly different. Replacement of potassium by sodium resulted 

in an acceleration. Retardation ensued when sodium was replaced 

by calcium, or calcium was replaced by sodium. Practically no re- 

tardation ensued when sea-water was replaced by sodium, but re- 

tardation was marked when a sodium-calcium solution was replaced 

by sodium. 

2. It is to be noted that the calcium was used at a reduced con- 

centration to lessen the osmotic inequality with other cells, and that 

the cells were “ short-lived,” showing no regular action after the 
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period given. The cells in Table 1 were active 112 hours; those in 

Table 2, 84 hours. 

3. The inclusion of an emulsion of gelatin in the cell is followed 

by important features of action of the artificial cell, including a high 

rate in sodium solution. 

A series of cells was set up in which the gelatine and lecithin 

were mixed together, giving a milky emulsion which may be taken as 

an indication of large suspensions of the lecithin in the gelatine. 

These cells were set up and allowed to run to a point where the deter- 

mination of the composition of the liquids inside and outside the cells 

could be tested. The results are as follows: 

TABLE 3. 

ENpOSMOSE oF AGAR-PECTIN-GELATINE-LECITHIN CELLS FILLED WITH 20 PER 

Cent. SuGAR SOLUTION AT 12-18° C. 

. Seawater 
: es KCl NaCl CaCl Water 

Immersion liquids............ shehi mape hs inet: 0.01M. _— 
for Na. 

Total for 2 cells for 70 hours .. 22.2 25.7 27.6 22.6 24.1 

1. The highest initial and continuing rate of absorption or en- 

dosmose was in the calcium, which was in excess of that in water. 

The rate in sodium was higher than that in sea-water, water, or in 

the potassium solution. The differences shown above are small, but 

the action of the pairs of cells were steady and uniform that the dif- 

ferences may be taken as significant of the action of external layers 

made up as above. 

2. The rate during the last 24 hours was one third that in the first 

day in K, Na, Ca, something less in sea-water, while in water the rate 

during the last 24 hours was about one half that in the first day. 

The rate in water is one due solely to the lessened concentration of 

the sugar solution due to excretion through the outlet tube and to 

exosmose. 

3. The immersion liquids were tested for sugar at the end of 70 

hours. The potassium solution had become a 2.04 per cent. sugar 

solution, the sodium solution contained 2.07 per cent. sugar, and the | 

calcium solution had become a 2.04 per cent. sugar solution, the sea- 
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water had become a 1.81 per cent. sugar solution, and the water as 

an immersion liquid had become a 2.6 per cent. sugar solution. 

These data taken as indices of exosmosis are without special signifi- 

cance except in the case of sea-water. In this as a balanced solution 

the external layers of the cell were less permeable to sugar than in 

the single salt solutions. The greatest permeability was shown by 

cells immersed in pure water. 

4. The resistance of the immersion liquids and of the cell-con- 

tents showed the following changes during the 70-hour period : 

TABLE 4. 

% ei Aas . Percentage of 
Immersion Liquids. Original. Final. Increase. Theeeiiak 

ae me agin 307 329 22 7.2 
MRR os soda x's eR aed 362 382 20 5.5 
ee a 258 290 32 12.4 
ME ee ee 290 322 22 7.6 

The interpretation of the above data shows that the withdrawal 

of kations from the immersion liquids was relatively greatest in the 

calcium, and least in the sodium with the potassium showing a higher 

rate than the sodium. Withdrawal, absorption, or penetration of the 

kations from sea-water was slightly greater than from a sodium solu- 

tion. The kations concerned would be arranged in the order K (sea- 

water), Na and Ca in the expansion series, and Na, K (sea-water), 

Ca in the order of the increased resistance of the liquid indicative of 

withdrawal and penetration or absorption by the cell. 

If we now pass to the cell-contents, it is to be pointed out at the 

beginning these were simply 20 per cent. sugar solutions in pure 

water with a resistance of something over 14,700 ohms. After the 

cells had been in action 70 hours the kations from the immersion 

liquids had not only made combinations and unions with the mate- 

rials in the walls, but had passed into the cell-contents, lessening the 

resistance enormously as shown below. 

The resistance of the cell-contents had been lessened about the 

same amount in sodium, calcium, and sea-water by the passage of the 

ions through the external layers into the vacuolar cavities: The 



12 MACDOUGAL—PERMEABILITY. 

TABLE 5. 

; , Excess over Excess over Final of 
Cells in Resistances. Original. Immersion Liquid. 

Re oie as eee 360 48 26 
NaCl te ei bien Do 425 44 64 
Be RISER soe aeons 315 s 30 62 
SEA WeLer fr. Wnt h vies 364 42 64 

amount of potassium which had passed through, however, was so 

great that the resistance of the cell-contents had been lowered to a 

point not widely separated from that of the immersion liquid. If the 

relative amounts of penetration be indicated by the proportion of the 

difference between the original resistance of the immersion liquid and 

the final of the cell-contents, a series would be formed of the bases 

which have penetrated into the cell, which would begin with potas- 

sium as the one occurring in the largest proportion and form a de- 

creasing series K, Ca, Na, sea-water. The-above relations are to be 

understood as pertaining to this particular cell construction and 

composition. 

CHANGES IN VOLUME oF LIVING CELL-MASSES DUE To ALTERATIONS 

IN PERMEABILITY. 

The cell-sap or vacuolar contents contain, in addition to the 

sugars, amino-acids and salts of the common bases, including ni- 

trates, sulphates, and chlorides. Half of the turgidity of the cell 

may be ascribed to the osmotic action of such salts. When cells with 

such contents are placed in distilled water the deficit, which is all but 

invariably to be recognized, is taken up by the entrance of water with 

a consequent increase in volume. In actual practice the cell remains 

in the fully distended condition a length of time dependent on the 

temperature, when the external layers of the cell becoming more per- 

meable to water allow it to escape with consequent contraction. Such 

increase in permeability may be taken to be due mainly to the solu- 

tion out of material from the wall and to the increased hydration of 

the colloids. 

If now solutions of salts be added to the water in a similar ex- . 

periment, the permeability of the wall will be affected by the action 
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_ of these salts in forming compounds with the material in the layers 
of cell-material, the solution out of some of the material, the colloidal 
action of the kations and anions on the colloidal aggregates of the 
wall and plasma. The result may be an increase or a contraction of 

the cell according to conditions. The osmotic action of the external 

solution will be a factor in whatever does take place. The diffusion 

of the ions into the cell will be proportional to their ionic velocities, 

which in the common bases will be as K 64.7, Na 43.6, Ca 51.8. 

Their action in aggregating effects will be in proportion to the unit 

charges they carry which will be in the above order, but with the least 

effect by potassium and the greatest by calcium. / 

The aggregation effects of these bases is in general within a range 

in which the permeability of the colloidal material of the cell to the 

acting ion or to other ions may be nearly reduced to zero, yet the 

passage of water is still possible, conforming to the popular concep- 

tion of a “ semi-permeable ” membrane. 

‘Now, when cell-masses which have been fully hydrated in water 

after the manner in which this was done by Kahho with root-tips is 

placed in a salt solution which is isotonic or slightly hypertonic to the 

_cell-sap, it is found that a contraction ensues which continues for a 

short time, after which expansion takes place, which does not, how- 

ever, carry the cell to the volume which it had when fully hydrated 

in distilled water. The proportion of the contraction which is re- 

gained is taken by Kahho to indicate the degree of change which has 

been produced in the permeability of the cell. Thus NaCl at 

0.0141M gave a resumption of 29-30 per cent., at 0.181M gave 35-54 

per cent., while roots in CaCl, at 0.134M showed no return toward 

the original dimensions. These solutions being isotonic, Kahho con- 

cludes that the penetrability of the potassium is greatest, but that the 

permeability is lessened most by the calcium with the action of the 

potassium lying between. 

The above tests were carried out with care and exactness by 

Kahho, but it was important that they should be repeated with other 

material. Joints of Opuntia were chosen for this purpose. Living 

sections of this material (the structure of which is described on page 

2), which were in a condition in which they would swell 150 to 160 
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per cent. in thickness in pure water, were placed under the auxograph 

in water, and after 6 to 9 hours, when the increases amounted to 120 

to 130 per cent., the water in the immersion dishes were replaced 

with graduated series of potassium, sodium, and calcium chlorides. 

This method of auxographic measurement not only enables the 

observer to see the exact thickness of the sections at any moment, but 

he has also a visible record of the changes from the beginning, and 

with the ten instruments available it was possible to carry a large 

number of tests through simultaneously at the identical temperatures, 

which thus did not need to be kept constant or under uniform illumi- 

nation. The immersion liquids in the tests below varied from 16 to 

ao? C. : . 

The plan implied that a series of sections were first hydrated in 

water to the extent indicated, then the water was replaced by salt 

solutions beginning with those in 0.01M concentration. At this con- 

centration no disturbance of the course of slow enlargement was 

noticeable in the records. At concentrations of 0.03 to 0.04M, how- 

ever, a slight retardation lasting for an hour or more was noticeable. 

At concentrations of 0.05M for KCl, NaCl, and CaCl, a slight but 
positive contraction ensued. This did not take place in sea-water 

until a concentration of 0.0o6M for the contained Na was reached. 

After contraction for an hour or two expansion was resumed as 

shown in Fig. 1. The consequent increase could not be determined 

with sufficient exactness to be of value. 

. - lett ttt dk teledeeieneaeell 

0.2™ 0.22™ - 

Fic. 1. Facsimile of auxographic records of living sections of Opuntia 

which were first hydrated in water at 16°-19° C. for 6 to 9 hours, then placed 

in solutions of sea-water. When the concentration reaches 0.06M a slight con- 

traction followed by expansion takes place. At concentrations above 0.16M 

plasmolysis ensues and the contraction is permanent. 

It is to be noted that Kahho found that roots subjected to the — 

action of NaCl at concentrations from 0.0150 to 0.214M to KCl at 
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0.161 to 0.210M showed an initial contraction followed by an expan- 

sion. CaCl, at 0.134M produced a contraction which was not fol- 

lowed by anexpansion. It is probable that this would have occurred 

in a lower concentration. The above, however, are taken to be 

slightly hypertonic to the cells of the root, hence the contraction. 

The solutions given above which produce a contraction of the 

sections may be taken in like manner to be hypertonic to the cells. 

That they are not isosmotic is obvious. That the contraction of the 

cells due to increased permeability and loss of water with perhaps 

some of the dissolved contacts is brought about by the colloidal action 

of the various salts seems plain. 

The aggregating or combining effect of the salts becomes even 

_more obvious when the effects of the higher concentrations are con- 

sidered. Sections in concentrations above CaCl,, 0.07 lost the power 

of expansion, while this did not occur with Na until a concentration 

of 0.14M was reached, sea-water at 0.16M, and with K until a con- 

centration of 0.18. It may be safely assumed that these concentra- 

tions serve to rend the plasmatic layer from the wall in an irreversible 

plasmolysis. 

This effect is evidently not one of tonicity, as the isosmotic values 

of critical solutions which produce an irreversible contraction are 

widely apart. The concentrations, however, do form a series ex- 

pressing the relative penetrability or permeability of the kations con- 

cerned. The aggregating effect which would produce a permanent 

lessening of permeability is designated by the concentrations given 

and the three bases form the series Ca, Na, and K. 

As a variation of the above test sections which were fully hy- 

drated in water, having been immersed for 24 hours and upon the 

threshhold of shrinkage, were subjected to the action of the above 

solutions at 0.05M. All showed a shrinkage or contraction amount- 

ing to 3-4 per cent. of the original thickness. The sections which 

were in CaCl, after the contraction began a slow expansion which 

continued during the 36 hours over which the observations were 

extended; the sections in NaCl remained inactive after the contrac- 

tion during the same period, while those in KCl and in sea-water 

continued in a slow but steady and continuous shrinkage. It is evi- 
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dent, therefore, that this concentration of the salts is a critical one 

for this material whether fully hydrated or not. 

When freshly cut sections with a water deficit which would cause 

an expansion of 150 to 160 per cent. in pure water were hydrated in 

salt solutions, the periods over which expansion extended in com- 

parable series were as follows: 

TABLE 6. 

: KCl NaCl CaCl 
Hobutions. 61: ssa tty seas keene pipers y | Sot: 0,01-3M, 

Diiration of expansion... Ga. ees Oe 30 hours 48 hours 36 hours 
Ionic velocity of kations................ 64.7 43.6 51.8 

The relations between the action of potassium and sodium were 

illustrated by another series with shorter swelling periods in which 

the expansion of the sections in potassium extended over 24 hours 

and of those in sodium 32 hours. All of the above were at labora- 

tory temperatures in which the liquids varied concurrently between 

14° and 18° C. 

The phenomena of expansion in “ balanced ” solutions of sodium 

are of interest in this connection. In a series in which full expan- 

sion in water was reached in 21 hours, this state was reached in NaCl 

0.01M in 23 hours, while the expansion in sea-water of an equivalent 

concentration of the Na reached full expansion in 27 hours, and in a 

0.001M solution of sea-water in 26 hours. 

Simple balanced solutions of sodium with calcium in another 

series (Na 1: Ca 50) gave larger ratios, full expansion in Na 0.01M 

being reached in 19 hours and in the equivalent balanced solutions in 

50 hours. At concentrations of 0.001M satisfaction was reached in 

Na in 22 hours and in the balanced solution in 44 hours. It is nota- 

ble that the increases in the sodium solutions were greater than in the 

equivalent simple balanced solutions, but that this relation was re- 

versed when sea-water was used, the swellings in it being greater 

_ than the equivalent sodium solutions at all concentrations from 0.1M 

to 0.oo1M. 

The following results were secured when sections of Opuntia 
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were hydrated in sodium solutions to which calcium in a 1: 50 ratio 

had been added at 14°=20° C.: 

TABLE 7. 

) ‘ NaCl .orM. NaCl .oorM, 
Immersion Liquid......... NaCl /orM. CaCl NaCl .orM. CaCl 

-0002M, -00002M. 

Percentage increase........ 156 I45 I50 142 
Period before shrinking..... ro hours 50 hours 22 hours 44 hours 

A week later a similar series was carried through at 14°-20° C. 

in which sea-water in various dilutions was used as the balanced solu- 

tion. The results were as follows: 

TABLE 8. 

Sea- | Sea- Sea- Sea- 
Immersion Solutions........... water | water bare water aay water ae 

0.1M, | °°? | .orM. | Ol ™* |.00rM.|°OO2™* 

Percentage increase............ 972°) 125 128 160 | 150 | 170 | 165 
Hours before shrinkage......... 104 54 52 27 23 26 21 

It would appear from the foregoing that the length of time during 

which increase in cell-masses takes place corresponds to the speed of 

the kations in the above experiments described. Satisfaction should 

be reached, therefore, earliest in the potassium, next in the calcium, 

and finally in the sodium. Stiles found that the initial rate of ab- 

sorption of these kations from 0.01M solutions by potatoes and car- 

rots followed this order, but that the final rate might reverse the posi- 

tion of Ca and Na.® These rates were determined by conductivity 

tests of the immersion liquids. All observers agree in the speedier 

and greater action of potassium in penetration or absorption, but 

some workers give the sodium and calcium alternate positions in the 

series. Some confusion also arises from the fact that initial and final 

rates of absorption are not distinguished and that total amount of 

absorption is taken as a direct index of rate. 

It would also appear from the scanty data given above that ex- 

5 Stiles, W., and Kidd, F., “ The Comparative Rate of Absorption of Salts 

by Plant Tissue,” Proc. Roy. Soc. B., 90, 488, 1919. 

PROC. AMER. PHIL. SOC., VOL. LXII., B, AUG. 10, 1923. 
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pansion is retarded in solutions of sodium when a small proportion 

of the same salt of calcium is present. This is also true when other 

substances, including magnesium, are present as in sea-water. As 

noted above, the living cell-masses in such solutions continue to ex- 

pand for extended periods, presumably due to the lower rate of pene- 

tration of the sodium to which the swelling may be primarily attrib- 

uted. 

The relation between the total amounts of expansion and the total 

absorption of a kation is not so direct, however. Thus while Fitting 

placed the penetrability of calcium chloride very low, Stiles found 

that during the first hour of immersion that calcium chloride is 

absorbed at a much higher rate than sodium chloride, but this rate 

soon falls off. As concluded by Stiles, “ the initial rate of absorption 

of salts is dependent to a great extent on the mobility of the ions or 

the coefficient of diffusion of the salt, but that the total intake of the 

salt depends on something other than this, as a result of which cal- 

cium, magnesium, and sulphate are absorbed to a much less extent 

than potassium, sodium, chloride, and nitrate.” 

Among the factors which have not been calibrated directly are to 

be included the extensibility of the wall'and the changes in volume 

of the plasmatic mass. The limit of the extensibility of the wall 

reached in any solution of the salts used is determined by the aggre- 

gating or hydrating effect of the salt itself. In the present instance 

the greatest effect is produced by the calcium with some differences 

in the reactions of the material to sodium and potassium which may 
be attributed to the nature of the material, at medium concentrations. 

These facts are illustrated by the following measurements of expan- 

sion in sections of Opuntia: ° 

TABLE o9. 

KCl. NaCl. CaCl. Water. 

Immersion Liquids at 0.01M. 
Increase in percentage of original thickness 148 I47 154 161 
Immersion liquids at 0.05M. 
Increase in percentage of original thickness 145 140 160 168 

6 Fitting, H., “ Untersuchungen ueber die Aufnahme von Salze in die lebende 

Zelle,” Jahrb. f. wiss. Bot., 56, 1-64, 1915. 
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These swellings were carried out at 16° to 18° C., but it is to be 
noted that the material_in the two concentrations represent separate 
series and aré not comparable with each other. Fair comparisons lie 
only in the data in each line. 

The total expansion in all of the solutions is less than that in 
water, but is greatest in the solutions in which the greatest effect is 
exerted on the colloids—that is, in the solutions of calcium chloride. 
The aggregating effect of this substance on the colloids of the wall 
would render it less permeable to its own ions and to the cell-contents, 
including water. One evidence of this is in the comparatively small 
amount which is absorbed by the cell. Stiles found that the absorp- 

tion ratio of calcium chloride was 1.09 as compared with that of 

potassium chloride at 3.59. The total expansion of cell-masses which 

had been rendered more permeable would be lessened or checked by 

the exosmosis which would occur as in sections immersed in potas- 

sium. 

The reaction of dried slices of the above material are of some 

interest in the present connection. Joints which were 3.2 to 2.8 mm. 

in thickness were separated into two slices of half this thickness, each 

having an epidermal surface intact. Drying was brought about be- 

tween thicknesses of filter paper with enough pressure applied to 

prevent curling. Two months later the slices, being brittle, were 

broken and cut into sections with a surface something less than that 

of the fresh sections. These were hydrated in the usual manner 

under the auxograph. The results are as below: 

TABLE to. 

KCl. | NaCl.| CaCl. | Seawater.|/Water. 

Immersion liquids at 0.01M. 
Increase in percentage of original thickness} 310 280 | 275 310 255 
Immersion liquids at 0.05M. | 
ESRI BEER Sas oh tastes Leelee at, Sines | 270 | 270 220 244 

It is to be seen that the sections behave as inert colloids. The 

death of the cells has doubtless allowed the organic substances to 

escape through the external layers with their increased permeability, 

but the walls probably act to a slight extent as osmotically definite 
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membranes for these salts. Unlike the living cells, the amount of 

expansion is less at the higher concentration; the expansion is not 

definitely different in the living sections. Expansion is greatest in 

potassium in the weaker concentration in which the series would be 
parallel to that of swellings in agar, the similarity including the fur- 

ther fact that the increases were in excess of that in water. 

It would, therefore, be reasonable to infer that in the living mate- 

rial the action of the cell-masses as osmometers is affected by changes 

in the permeability of the external layers and walls by which their 

osmotic action and consequent expansion or turgidity are modified by 

the action of the ions on the colloids. In the dried sections the 

osmotic action of the dead cell-sacs is probably very slight. It is 

more correctly to be taken as in accordance with the Hardy-Schulze 

law, which may be stated as follows’: Bases carrying a charge of op- 

posite sign to that of a colloid exert a dehydrating or aggregating 

effect proportional to the unit charges which they carry. . 

A still further feature is to be taken into consideration, that of 

the formation of definite compounds by the ions of the entering salts, 

the presence of which may alter the permeability of the cell in a very 

marked manner. ‘The best illustration of this feature is the work of 

True dealing especially with the action of absorption and exos- 

mosis from roots. His experiments in codperation with Dr. Ecker- 

son established the fact that calcium acting on the walls made them 

less readily permeable to potassium and to copper, and that a lesser 

interference was exerted by magnesium. Roots of wheat, maize, and 

lupines grown in solutions of potassium free from calcium were 

found to exude sugars, amino acids, and various salts. These facts 

are taken to rest wholly upon the diverse solubilities of the com- 

pounds formed by these bases with pectic acid derived from pectin, 

one of the pentosanic components of the wall, by the action of the 

enzyme pectase.’ 

That calcium pectate may form the external layer of the walls of 

root-hairs has been shown by Miss Howe;® it is generally known as 

7 True, R. H., “ The Significance of Calcium for the Higher Green Plants,” 

Science, 55, 1, 1922. 

8 Howe, Caroline G., “ Pectic Material in Root-hairs,” Botan. Gazette, 72, 

313, 1922. 
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the main constituent of the middle lamella of joined cells. It is not 
probable that all of the pectin would be thus converted and some of 
it would remain in the jelly form subject to the aggregating or hy- 

drating action of the kations. Something of the same condition ex- 

ists with regard to the lipins of the wall and plasma, which may form 

compounds as well as aggregates with calcium and other bases. 

DIscussION. 

Living cells and the type of artificial cell used in the experiments 

described in the present paper take up water from solutions in which 

they may be immersed by hydration of the colloids in the walls, and 

external layers, and by the osmotic action of the dissociated sub- 

stances in the vacuolar fluids. Coincidentally with such action dis- 

solved substances in the vacuole and in the immersion liquid tend to 

diffuse into and through the walls and plasmatic layers in opposite 

directions, at rates determined chiefly by their ionic mobility. It is 

generally assumed that the rate or amount of material which may 

diffuse into or out of the cell is but little affected or not at all by the 

osmotic movement of water through the external layers. The opera- 

tion of the artificial cell yields results which show that the osmotic 

potential of a living cell, or the state of turgidity may have a very 

important influence on the absorption of materials from the medium. 

The diffusion of the ions through the external layers of the cell 

is attended by absorptive unions when the ions meet colloidal parti- 

cles of opposite sign, and by definite chemical unions under other 

circumstances. Either form or both forms of action may and does 

occur in the wall and plasmatic layers, with the result that their 

penetration by the ions of the common bases, potassium, sodium 

potassium, magnesium, etc., results in neutralizations, aggregations, 

precipitations, etc., which may materially modify the further passage 

of ions of the same material through the layers, but may also inter- 

fere in a positive manner with the diffusion of other ions. Lastly, 

the effect of such absorptive unions, aggregations, or combinations 

may be such as to make definite changes in the walls or external 

layers so that osmosis through them is modified. Substances dis- 
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solved in the vacuoles, such as sugars, organic acids, or salts, may 

pass by exosmosis out to the immersion liquid. 

It naturally follows that no single series of calibrations may be 

made an index of proceedings so complex. 

The increase in volume of living cells or of the cell-contents of 

the artificial cell employed in these experiments when placed in hyper- 

tonic solutions is due to the endosmotic action of the substances dis- 

solved in the cell-sap or vacuolar fluids, mainly. The relative volume 

of the living cell is limited by the extensibility of its semi-rigid wall, 

which may be determined or modified by the entering ions. 

The increase of the contents of the living cell is limited by the 

extensibility of the wall, which may be determined or modified by the 

action of the entering ions. If the cell is in a state of high turgidity 

when placed in the experimental solution, the modifying effect on the 

final stage of expansion may not be very great, yet it may be observed 

as it has been done by Kahho. If, on the other hand, the cell" be 

taken in a condition in which it has a high water deficit, as was done 

with Opuntia, the total increase which may take place may be very 

great, and the relative effects of various dissolved substances in the 

immersion liquids stand out much more clearly. This is very obvious 

in the auxographic records of Opuntia taken at a season when living 

sections showed total swellings of 150 to 160 per cent. or even higher. 

In any case, the immersion of living cells in solutions is a case in 

which various salts are already present in the external layers and 

walls. Unknown interferences may be encountered, and the exos- 

mose and endosmose of material may not be so easily estimated. 

Furthermore, measurements of conductivity or resistance of such liv- 

ing cell-masses must be regarded as having been possibly modified by 

the presence of such organic substances as sugars, fatty acids, and 

amino acids. 

The expansion of dried cell-masses are of a character which sug- 

gest a combination of osmotic action of the cell-sacs, which have 

become more permeable and less resistant by the loss of organic com- 

pounds, and of the hydration of colloids. The initial expansion is 

very rapid, followed by a long period of slow increase, the final col- 
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lapse not being so pronounced as in the hydration of living material. 

The action of the artificial cell when expressed in a graph makes a 

low or flattened “ biological curve.” This is indicative of external 
layers not readily permeable to salts or to organic compounds, similar 

to those of the living cell. The permeability of these layers are modi- 

fiable in the same manner in both the living and the artificial cell by 

the salts of the common bases. 

SUMMARY. 

1. Changes in volume of living and dead cell-masses in various 

solutions have been recorded by the auxograph in experiments ar- 

ranged to determine the effect of concentration and ionic mobility on 

permeability and hydration. 

2. The amounts of endosmose in an artificial cell with external 

layers comprising the substances occurring in the relative positions in 

the living cell have been used as indices of the permeability of such 

layers. Such cells are constructed with walls of cellulose holding 

pentosans including pectins with an inner deposit of albumins and 

lipins and a plasmatic or retaining layer of pentosans. 

3. The general amount of water absorbed by such cells is propor- 

tionate to the isomostic value of the cell-contents, which were solu- 

tions of sugar. The relative amounts absorbed when cells were im- 

mersed in salt solutions were found to correspond to the specific ac- 

tion of the ions of the salts on the colloids of the cell. 

4. The ions of the salt solutions which penetrate the walls of the 

cell affect permeability of such colloids as the pentosans in a degree 

corresponding to their velocities, and in accordance with the Hardy- 

Schulze law. In addition, some of the bases form compounds with 

lipins, pectins, and albumins which affect permeability. 

5. The conclusions of Kahho that antagonisms or interferences 

are the result of the relative action of different ions; the more active 

an ion may be on colloids, the less is its capacity for penetration of 

the colloid are supported. Thus potassium shows a high rate of pene- 

tration and a lesser colloidal action than calcium which has a high 

aggregating effect on colloids and a low power of penetration. 
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6. The rate of endosmose in the artificial cell increases as per- 

meability is lessened. The series which effects a lessening permea- 

bility in the order named, according to Troendle, K, Na, Ca is shown 

by artificial cells with external layers of lipin, pectin, and other 

pentosans. The inclusion of an albuminous component in the cell 

results in an exaggeration of the effect of Na. 

7. Conductivity tests show that cells including an albuminous 

component show the greatest absorption of ions from a calcium 

salt solution and the least from a sodium salt solution with the rate 

in a potassium salt soludion lying between these two. 

8. Conductivity tests of cell-contents show that the abundance of © 

the above-named bases in a decreasing series would be K, Ca, and 

Na in the albuminous cell. A disproportionate amount of sodium is 

taken from the immersion liquid, which does not pass into the cell- 

contents and must therefore be absorbed by the material of the ex- 

ternal layers or combined with some of its components, probably the 

gelatine. 

g. Sections of Opuntia immersed in salt solutions showed a slight _ 

contraction at concentrations of 0.05M in KCl, NaCl, and CaCl, and 

in sea-water at 0.06M. This contraction was recovered in this and 

in concentrations as high as 0.18M KCl, 0.14M NaCl, and 0.07M 

CaCl,. These concentrations are approximately isotonic and repre- 

sent the solution which will plasmolyze this material. 

10. The length of the period in which living cell-masses of 

Opuntia reached full expansion in salt solutions at 0.or and 0.05M 

is proportionate to the ionic velocity of the salts, the sequence of the 

common bases being KCl, CaCl,, and NaCl, in which the time of ex- 

pansion is shortest in the K and longest in the Na solution. 

11. The period of expansion in sodium solutions is much less in . 

the pure solution than it is in a balanced solution in which the calcium 

is one fiftieth of the sodium. A similar difference is found when 

sea-water is used as the balanced solution. 

12. Dried sections of Opuntia react chiefly as colloidal material 

and in accordance with the Hardy-Schulze law by which “ bases 

carrying a charge of opposite sign to that of a colloid exert a dehy- 

drating or aggregating effect proportional to the unit charges they 
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carry.” The hydration swelling of this material in solutions at 

0.01M gives a decreasing series which is K, sea-water, Na, Ca. 

13.-The expansion coefficients of living material in salt solutions 

includes osmotic effects and perhaps those of chemical combinations 

so that the decreasing series is Ca, K, Na, the greatest expansion being 

in cells with the least permeable walls, in which, of course, the high- 

est turgidity may be set up. . 

Desert LABorATORY, 

Tucson, ARIZONA. 



SOME APPLICATIONS OF HEAVISIDE’S OPERATIONAL 

METHODS. 

By E. P. ADAMS. | 

(Read A pril 20, 1923.) 

1. Although the operational methods devised by Heaviside for 

getting solutions of the partial differential equations of physics 

have received some attention recently,! they do not appear to be 

as generally known as they deserve to be. These methods are 

particularly well adapted to obtaining the normal expansions re- 

quired for the solution of many problems; many of these may be 

obtained by setting up artificial, although physically possible, 

problems, and the expansions result almost automatically. A 

number of illustrations will be given in this paper; the problems 

selected are those which involve more than one independent vari- 

able, besides the time. 

In these applications, use is made of Heaviside’s Expansion 

Theorem, which may be stated as follows: 

: Denoting the operator 0/d¢ by p, and assuming that the solution of 

the differential equation, satisfying the boundary conditions, can 

be obtained in the operational form 

Vo, i ron 

where vp is a constant, then the solution of the problem is 

[¥O) , &_ Yea) 
°1Z(0) + et Pol’ (ba) ‘fs 

1 These methods are described and illustrated by many applications in Heavi- 

side’s Electromagnetic Theory, Volumes II. and III. His Electrical Papers, 

Vols. I. and II., also contain many references to these methods and show how 

he was led to formulate them. For additional details regarding these methods, 

reference may be made to the following papers: Bromwich, Proc. London Math. 

Soc., 15, 1916, p. 401; Phil. Mag., 38, 1919, p. 407; Proc. Cambridge Phil. Soc., 

20, 1920, p. 411. Carson, Physical Review, 10, 1917, p. 217. Herlitz, Arkiv | 
fur Matematik, Astronomi och Fysik, Band 14, No. 22, 1919. 
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where the »,, denote the real roots of Z(p) = 0 in ascending order 

of magnitude, and the summation is to be taken over all the real 

roots, except zero. This solution makes v = 0 at ¢ = o. 

2. The first problem considered is that of the distribution of 

temperature in a wire of circular section, carrying a steady electric 

current, at any time after the current begins to flow. The two 

ends of the wire are kept at a temperature v = 0, and radiation 

is supposed to take place from the lateral surface of the wire into 

the medium, at temperature v = 0, so that the amount of energy 

radiated from unit surface, in unit time, is proportional to its tem- 

perature. 

Let / be the length of the wire, and a the radius of its cross-section; 

k the thermal conductivity, c the specific heat, and p the density. 

Let H be the heat generated in unit volume and unit time by the 

electric current. By considering a tube of length dx, internal 

radius 7, and wall thickness dr, the partial differential equation may 

be written 

Lite 13 (1) 12 + w=, 25 
Oe Tor Or 

where x = k/cp, and w = H/k. The boundary conditions are 

v = 0, atx = Oand atx =], 2.2 

pe Bate we 4:3 
or 

where ht is the emissivity, or exterior conductivity. At ¢ = 0, the 

whole wire is at temperature v = 0. 

Before proceeding to the general solution, it will be convenient 

to consider first two special cases, no radial temperature gradient, 

and no longitudinal temperature gradient. 

3. No Radial Temperature Gradient. In this special case it is 

necessary to write the condition at r = a into the differential equa- 

tion, with the result 

— ——v+w-—--—=o0. 3.1 
K 

With 
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the differential equation becomes 

— = qv-w, 42 

and its complete solution is 

v=e"?4 + ¢e-"B +3 

where A and B are constants; determining them by the condition 

2.2, we get 

sinh g(x — 1) — sinh gx + sinh ql 
v= . - w 

¢ sinh ql 
’ 

or writing s? = —q’, 

ea sin s(x — l) — sin sx + sin s] 

s’ sin sl 

This equation is of the form 1.1 and we can apply the expansion 

theorem to it directly. The roots of Z = 0, or s? sin sl = 0, are 

s = nr/l, where n is any integer. With Z = s? sin sl, we have 

GL RE One pr pa =* o(t + 2) 

and with the values given for s, 

Y = sin s(x — 1) — sinsx + sinsl = — {1 —(— 1)"} sin“. 
l 

When ~ = 0, gq = X, and therefore 

Y(0) fag sinh A(x — J) — sinh Ax + sinh XN 

Z(o) sinh N 
w et if er l—z) mie 3) 

The complete solution, for the case of no radial temperature gra- 

dient, may therefore be written 

w er 4. ertt-*) 

2 1+ e 

aK i 3-3 
~» sin (2m — 1) exp: _ r| + (2n — mele 

—-4>> : 

i (2n — De| I 4 ee me =| 
PY? 
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As this solution must reduce to 7; = 0 when ¢ = 0, we find the 

Fourier expansion 

g : Wx 
O41 MR» 7 sin (2m — 1) 7 

re ae » 3.4 
ite (an — de {1+ Gn — 1} 

valid for o < x < 1; this may be verified directly. 

4. No Longitudinal Temperature Gradient. In this case the dif- 

ferential equation 2.1 becomes 

O’v , 1dv 
ap + ca +qfo=-—w 4.1 

with g? = — p/x. The solution of this equation, satisfying the 

condition of remaining finite at r = 0, is 

Ww 
v= Jo(qr)A _——) 

¢ 
where A is a constant, and Jo is the Bessel function of ordero. At 

r = a the boundary condition 2.3 leads to 

A= = 
@{hJo(ga) — kgJi(ga)} 

using the relation Jo’(x) = — Ji(x). The symbolic solution of the 

problem, corresponding to 1.1, is therefore 

_ hJo(qr) — hJo(ga) + kgJi(ga) 
—— @{hJo(ga) — kaJi(qa)} 

When » = 0, g = 0, and using the first terms in the series, 

x J, ee ele en 
o(x) 4 

Siz) =2— +++, 
we find 

Y(o) _ ak Le en |, 

Z(o) w{ F +i (a ) 

the temperature at ¢ = ©, or p= 0. 

The roots of 

Z=¢ {hJo(qa) — kqJi(qa) } =o 
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are the roots of ; 

bxJi(x) = Jo(x), ee 

where 

k Eten tt : ah 4.3 

It is known that the roots of this equation are all real.2 Denoting 

these roots by an, we have, for the permissible values of gq, 

Gn _ _ Pn. 2 = = 

a a K 

Making use of the differential equation satisfied by Jo(qa), we find 

for the values of p(dZ/dp), with these roots, 

| dZ_ —hak(ae , W . iba (28 5 BY 55 
a? k? 

and the complete solution, for the case of no longitudinal tempera- 

ture gradient, is 

3 b 2 oe z,{ Se 5 ea a eee 
v. = wa? gto an ee 0( Sr )exp “e. * 4.4 

et ain? (Ban? + 1)Jo(an) 

Since for ¢ = 0, v = 0, we have the expansion, writing r/a = x, 

on ee ee Jo(anx) 
2 ~ rie es ag = On? (Dan? + 1)Jo(an) 

valid foro <x <1. This result can be obtained directly, using 
the Dini expansion in Bessel Functions.* 

5. The general case, where there is both a radial and a longitudi- 

nal temperature gradient, will now be considered. Assume a solu- 

tion of 2.1 in the form 

4.5 

v=RX+R, 

where R and R; are functions of r only, and X a function of x only; 

and then taking Ri = m, given by 4.4, which is a solution of 4.1, 

we find that R and X must be solutions of the differential equation 

2 

or" r or K 

2? Gray and Mathews, “‘ Bessel Functions,’’ 2d edition, p. 83. 

8 Watson, ‘‘ Bessel Functions,” p. 596. 

aX 
R—+X 

Ox? 7 
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On separating the variables, this leads to the two equations 

———— @R _10R 
aah cae 5-1 

wo GR bp 
aa 7 (2+8)x, 5-2 

where 6? is a constant. The solution of 5.1 is 

R = AJo(Br), 

and writing 

P+ R= 4, 5.3 
the solution of 5.2 is 

X = Be + Ce-®, 

Since the temperature must be the same at equal distances from the 

two ends, we can write 

xX = Ble” + evi-2)) 

We thus arrive at the symbolic solution of the problem 

v = ABJ)(Br){e@ + et} + on, 

where v2, given by 4.4, satisfies the boundary condition at r = a. 

In order that the first term, also, may satisfy this condition, it is 

necessary that 8a be a root of the equation 4.2. Then the permis- 

sible values of 6 are given by 

An 
6 =—- 

a 

One of the two constants, A and B, may be chosen arbitrarily; in 

order to make v = oat x = 0 and at x =/ in the steady state, 

choose 

I 

1+e 

In the steady state, p = 0, g = B = a,/a, and we have, at x = 0 

and at x = 1], 

A.J (Sr) = w {E+ i ~- rf: 
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By comparison with 4.5 we see that the constants A, are given by 

2ahw I 

‘ On (St + #Y Fan) 

We now apply the expansion theorem, 1.2, to 

Y(p) oh ew + et(l—z) 

A, = 

Z(p) 1 + e% 
This gives 

eat 4 eall—2) ae’ i fon 

I+e @, 
1+e° 

(2m — 1) sin (2m — 3 ee 

On? mg 
an + (2m — 1) p 

X exp. — 05 on + (2m — me : 

For the final solution of the general case, we find 

2h 

an Gn» bone. TG Pat 

Ba it i Me ) ie ee 
kone gan, <1 

n'a Ta Jo(an) | rte 

aa — (2m — 1) sin (2m — 1) 5:5 
+ e ee 4 

2 2 
P m=1 An? 

 eleiaandaie es 2 

ne 7 
X exp. — {e+ (2m — nF} t 

Since v = 0 when t = 0, we see by means of the expansion 4.5 that 

vs oe . 3 (2m — 1) sin (2m — )= 

ay P a Fires | 
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This also comes from 5.4, putting £ = 0. This Fourier expansion 

may easily be obtained directly, and is valid for o < x <1, but 

not at the limits. Therefore the conditions at the two ends of 

the wire are not satisfied by this solution initially; the reason for 

this lies in the assumption made that the electric current attains 

its steady value instantaneously, which, of course, is impossible. 

6. After the steady state is reached, the whole amount of energy 

radiated from the wire in unit time is 

Tt 

W = 2zrah b v_dx, 
0 

where v, is the temperature at r = a. This gives, when both radial 

and longitudinal temperature gradients are considered, 

Ov eanhasll __ 8xa wth, I —I I ; 

es ant (S84 E 
é +1 n a? 2 

Neglecting the longitudinal temperature gradient, we would have 

W, = ra*wkl = za*lH, 

which is equal to the whole amount of heat generated in the wire 

in unit time. Neglecting the radial temperature gradient, we 

would have ve 

= {224 —I 

W, = rwka’l — 2xa*wk = . = 
2 

oat {2/25 +1 

If, in the general expression for W, we take only the first term in 

the infinite series, assume that 4/k may be neglected in compari- 

son with a:/a, and take a; = ¥(2ha/k), we get the same expression 

for the total heat radiated as is given by neglecting the radial 

temperature gradient. We thus have the result that when 6 is 

large, the first root of 

bxJi(x) = Jo(x) 

is given approximately by ¥(2/b). How large b must be in order 

PROC. AMER. PHIL. SOC., VOL. LxI., C, AUG. 10, 1923. 
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that this relation may be satisfied may be seen from the following 

table: 

b a V (2/6) 
I 1.256 1.414 

10 0.442 0.447 

100 0.141 0.1414 

From this it appears that if b = k/ah is as large as 10, the error in 

neglecting the radial temperature gradient is small. 

7. The next problem considered is that of a sphere, exposed to 

radiation from one side, so that over half the surface of the sphere 

the radiation received on unit surface in unit time is e cos 6. The 

angle 6 is measured from the axis of the hemisphere receiving the 

radiation. The whole surface of the sphere is supposed to radiate 

energy into the medium at the rate hv per unit area, v being the 

temperature of the surface. 

The differential equation of the conduction of heat in spherical 

polar codrdinates, when there is symmetry about the axis, is 

ov I 0 ae paMpdd BP hast OAM peed es ; 
5a (2) +2 are 3) +o " 12 

where p = 0/dt, x = k/cp, and g@ = p/k. | 
Assume a solution v = RO, where R is a function of 7 only, and 

6 a function of 6 only. Separating the variables, the equation 

breaks down into the two equations 

OF te ote ee or 2g 7 |R =o, 7.8 

i 2 . 6 Oe 

n can have only integral values. 

The solution of 7.2 is* 

R= Sr(gr), 

where 

Sa(X). = | ox. ee . 
x Ox < 

This solution remains finite at r = 0. 7.3 is Legendre’s equation, 

4 J. J. Thomson, ‘‘ Recent Researches in Electricity and Magnetism,” p. 363. 
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and its solution is 

0 = P,(cos @). 
Therefore, 

v = A,Pa(cos 6)S, (qr). 
The boundary condition at r = a is 

ov 
a ee) 

where 

f(0) = cos@for — r/2 <6 < + 2/2 

= Ofor r/2 < 6 < 37/2. 

We now develop f(@) in an infinite series of zonal harmonics, so as 

to satisfy these conditions. Writing cos @ = u, we have 

f0) = Do BuPalu), 
where 

° 1 

a ant : f uP, (u)dp. 
0 

The first few coefficients, B,, are thus found, as follows: 

i ae Rime 
4 32 

aoe = 13 ,’ a . 

eye © 256 Ee. 

Bs meas Bs aces GT 17 ’ 

16 Sia 

B; = Be = B, = =O 

Then, atr = a, | 

k > AnfaS.’(aa) + hS,(qa)}Pa(u) = « > B,P,(u). 

Equating the coefficients of P,,(u) on the two sides of this equation, 

3 va = 
" — kgSn'(qa) + hSn(ga) 

and the symbolic solution of the problem, corresponding to 1.1, is 

ex B,,S;,(qr)P 2(cos 4) ; 

hn=o b-gaS,'(qa) + S,(9a) 
v= 
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where b = k/ah, and the numerical coefficients, Bn, are given by 7.4. 

We now apply the expansion theorem to each term of the infinite 

series in the operational solution. S,(x) and S,’(x) are given by 

the series 

x” 

= Wag 
3°5°-- (an + 1) 

nxn! 
ee 

1°3°5:-+:(2n oe 1) : 

When p = 0, g = 0, and using the first terms in these series, we 

find, for p = 0, 

Sa(x) = (= 1)" — 

Sn'(x) = (— 1)" 

oS ear) 4) ee 
b-gaS»'(ga) + Sn(qa) a) 1+nb. 

The roots of the equation 

Z = b-qaS,'(qa) + S,(qa) = 0 

are the roots of 

bxS,'(x) + Sa(x) = 0. 

Denote these roots by Qm,n- Then the permissible values of p are 

2 
Am, n 

Pm a sen a x 

Since p = — xq, we find, using the differential equation satisfied 

by S;(ga), 

dZ = — i suiinly 272472 — f2 ?T ptt b + Bea bin(n + 1)}S,(qa). 

The complete solution of the problem is, therefore, 

ex I r\* 
v = 5S e.ramo, +3 (5) 

2 7.6 
BS) s,( Str )exp.{ — «2 ef 

mae ee a a ‘ 

m=1 {I —b + Pam, i — b’n(n + 1)}Sn(am, “) 

8. Instead of using the S, functions, we may use the Bessel func- — 

tions of order half an odd integer. The relations between these 
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functions are 

Sols) = (= 1)" 4) Jones), 
2x ~2~ 

Sule) = (= WJZ | Fanes(e) — Sansa | 
and the am, , are the roots of 

(I + bn) Jon+1(x) = bxT2n+3(x). 
. 2 2 

As v = 0 at ¢ = 0, we get the expansion, writing x = r/a, 

on+1 « Fan+1( cm, nt) 
7 ee 

0 +) 255 band = Pale dD Tmalon 
2 

valid for 0 < x <1, but only for positive values of }, since only 

these have any physical significance. This expansion has been 

obtained for even integral values of n, as well as m = 0 and m = 1, 

only; but by making the assumption that the energy falling on half 

the sphere is equal to ¢ cos?@ per unit area in unit time, the same 

expansion may be obtained for odd values of m. These same ex- 

pansions may be obtained from the Dini expansions in Bessel 

functions, and can be shown to be valid for all values of » > — 1, 

whether integral or not. Taking, in particular, x = 1, and 6 = 

1/(n + 1), we have 

I es oS 

4n + 2 m=1 Qm,n 

where a@m,, are the roots of 

(2n + 1) Jon+1(x) = +Janta(%), 

or the zeros of Jn—1y2(x). Thisisa known result. Forn = 2, the 

Qm,2 are the roots of tan x = x, and it follows that the sum of the 

squares of the reciprocals of all the roots (except 0) of tan x = x 

is equal to 1/10. Many other results of this nature may be ob- 

tained from these expansions. 

For the temperature of the center of the sphere, at any time, ¢, 
’ Watson, l.c., p. 502. Lord Rayleigh, Scientific Papers, Vol. I., p. 190. 
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after the radiation begins to fall upon it, we get 

€ - Qm.o @Xp. 4 — Oem, 0 
see as A RMN ip: Pe ; 

4 «! (po Be ae Py na 

where the -am,o are the roots (except 0) of 

bx 
tan x = : 

— I 

For a sphere of such material and radius that b = 1, this expression 

takes the simple form : 

Str + +i yi ~ exp. {— «Cam — 1°53]. 

9. A problem similar to the last one is that of an infinitely long | 

cylinder which receives radiation from one side. The differential 

equation to be solved is, in cylindrical codrdinates, 

I 0*v 
fies Sa said ered ats fl oti 

catia tasgt@ sig 

where p = — xq’. Separating the variables, as before, we find 

v= RACOIEE sin 20 + B, cos 16}. 

At r = a, the radius of the cylinder, the boundary condition is 

— b= = hw — of(0), 
where 

f(0) = cos@for — r/2 S06 4+72/2 

= ofor + 7/2 < 6 < 37/2. 

The corresponding Fourier expansion is easily found to be 

f(0) = dS cn cos 78, 9.1 
n=0 

where 
Co = 1/r, 

n= 1/2, 

Cont+1 = O, F 9.2 eS 

Con = ( — 1)9t? _____.. 
. ( ) (4n? — 1)r J 
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The surface condition thus leads to the symbolic solution 

ex CnJ (gr) cos n6 

haat b-gqaJ,,’ (qa) + J,(qa) 

where b = k/ah, and the numerical coefficients c, are given by 

9.2. Finally, by applying the expansion theorem to each term of 

this infinite series, the complete solution is found to be 

—— v= 

v= 

Med n 

>> en cos 18 : (<) 
n=0 1+ nb\a 

bF. (a ee. Ey TF 
2. 26Js(*r) exp. | a ae 9.3 
p> (Pana? — bn? + 1) F sles: a) 

where the a,,, are the roots of 

bxTn'(x) + In(x) = 0, } 

wlan 

or of 9.4 
(1 + bn)Ja(x) = bxTnis(x). 

As v = 0 initially, the expansion results 

| I ising Jn (Om, nX) 

a+)” ~ 2 Cat— ott iia 9 
valid foro < x < 1, and for all positive values of b. This has been 

found only for even values of 2, with m = oand m = 1 in addition; 

but by assuming the incident radiation on half the cylindrical 

surface to be e cos? 6 the same expansion would result for odd values 

of n. And the Dini expansion theorem shows that this is valid 

for all values of > 1/2, integral or not. 

10. A finite circular cylinder, exposed to uniform radiation over 

one base, will next be considered. The differential equation, in 

cylindrical codrdinates, is 

Ov , Id , Ow 
omen = ae a = oO, 

af rar t ont 2? 

with = — xg’. By symmetry, v must be independent of 6; z is 

measured along the axis of the cylinder, height 2/, radius a, with 

the origin at the center. Separating the variables, by assuming 
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a solution of the form v = RZ, where R, Z depend only on 7, 2 re- 

spectively, we get 

v = >, Jo(dr) {Ae Y—@ 4+ Be- Ve-e2} | 

where the summation is over all the permissible values of \ to be 
determined by the boundary conditions. These boundary condi- 

tions are 

Ase 44. Spee ae 
Oz 

z=-—I1, od = hv, 
- 02 

r=a, _ a = hy, 

ar 
From the condition at z = —/ we find 

eR “taste 

B= Acwinae YM = ¢ ae 10.1. 
kV — @ +h 

To satisfy the condition at 7 = a, we must have 

b-daJi(ha) = Jo(da), 10.2 

where b = k/ha. Denoting the roots of this equation by am we 

have for the permissible values of X, 

An = On/G. 

In order to satisfy the condition at z = + /, we must express the 

constant, e, as a Dini series in Jo(a@mr/a), where am is any root of 

10.2; these roots are the same as the roots of 9.4 form = 0. There- 

fore the required series is obtained by putting m = oin 9.3, 

i 1,(“r) 
e = 2be yy (Beam? + 1)J0(am) ’ 

where a» has been written for am,o. So, at z = +1, we have 

b a A ne oa B —Cml hiA mt B —Omty 2€ : kom{Ae e j + h{Ae™ + Be~*m'} (an? + 1)Jolan) 

where 
2 

ot = het? mae ee 
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Combining this equation with 10.1 A and B are determined, and 

the poetic solution of the problem is 

. 20b (Rom + h)e™@t + (kom — h)e~%m rt) Jo(Xm?) 

e??m! (ko, + h)? — e~ "(kam — h)? (b%am?+1)Jo(am) 

For the final state, we must put p = 0, g? = 0, \m = a@m/a, where the 

Qm are the roots of 

bxJi(x) = Jo(x). 10.3 

We now apply the expansion theorem to each term of the infinite 

series in the symbolic solution. The roots of 

Z = e*""(kom + h)? — e-?™"(kom — h)? = 0 

are the roots of 

ko sinh ol = — A cosh ol, 

or writing 

B = 10, 

the roots of Z = o are the roots of 

= Bl = a , 10.4 

Denoting these roots, which are all real, and infinite in number, by 

Bn, we have for the permissible values of 9, 

ba = -( s+ )« 

For these values of », we find 

p— =P— T= - z (68 +S =) (elB,? + I + kh), 

rs extetai Fe (82 + “= ) (h? + kB,?) (28x! + sin 28,/). 

Similarly, 

Y= 7 (I + BB,2) cos Bal COs Baz. 
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In order to express the final solution more compactly, put 

10.5 

The final result is 

(3) 
raitaleoy © Pat + Oe 

Aue®” + Bne er 

Ay? — Bit 

Bn COS Bpl COS BnZ exp. ~ «( 2 ok ) 10.6 

( Be nape 9 (2B, + sin 28,1) © 

2 « 

a 

Since v = O initially, we must have the expansion, valid for 

—Il<z<+4+], 

yey @ ae is 
A, — B,? 

i >? B, COS By COS Baz 10.7 

Gs += =) (28,1 + sin 28,1) 

As far as this expansion itself is concerned, am may be wholly arbi- 

trary. This expansion may be verified by expanding the left-hand 

side, denoted f(z), in a Fourier’s series, 

f(@) = > on COS Bz, 

where the 8, are the roots of tan 6/ = h/k8, and determining the 

coefficients, in the usual way. 

11. As an example of the application of this method to three 

variables, consider the same cylinder as in the last problem, but 

let the radiation be incident on one half of the curved surface. 

Using cylindrical codrdinates, the differential equation to be solved 

is 

Ov -3on . 198 
Penang giaeisigy gree gv =0, 
see et Ste 

with p = — xq. Assuming a solution in the form v = v,Z, where 
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v is a function of r and 6, and Z a function of z only, we get 

——— — = WZ, 
s 03? 

and assuming v,; = RO, where R, 0 are functions of r, 6, respectively, 

~- — #8, 

PR , 19K een yee Pe +ihe (etn YR oO 

Let : 
ca gtx. 

Then the solutions of these three ordinary equations are 

Z = Ae* + Be™, 

8 = Ccos 26 + Dsin né, 

R = J,(or), 

where can have only integral values in order that v may be peri- 

odic in @ with the period 27. Taking the origin of codrdinates 

at the center of the cylinder, and observing that v must be the 

same at equal distances along the z-axis on each side of the origin, 

A = B,and 

vy = A(e* + e-*)(C cos n6 + Dsin n6)J,(or). 

The boundary conditions are 

Pree Gee 
or 

ov 
Atz = —-1, k— = 

It follows that 

ky(e™ — e) = h(e™ + eo"). 

Put 

w= — 6, A= 128, 

Therefore these boundary conditions lead to 

tan Bl == 3 

This is the same equation as was found in the previous problem, 
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and its roots will be denoted by Bm. The symbolic solution, satis- 

fying the conditions at z = + /, is therefore 

io) 

v= x >> 2A cos Bmz(Cn cos nb + D, sin n0)J,(or). 
n=0 m=1 

At r = a the boundary condition is 

Be < oO, 

where 

f(0) = cos@ for — r/2 S06 XS + 7/2 

= 0 for+7/2 <60< + 37/2. 

The Fourier expansion for f(@) has already been obtained and is 

given by equations 9.1 and 9.2. In order to satisfy the boundary 

condition at r = a for all values of z between + 1 and — J, we need 

to expand a constant in a Fourier’s series of the form 

i) 

I = > by COS Bud, 
m=1 

where the 8B» are the roots of 11.1. We can obtain this by the 

usual method, or we can get it immediately from 10.7 by taking 

Qm =O. Then Am — Bm = 2h, and 

_ a COS BmZ SiN Bml 

ae 42a] + sin 2B ml 

The condition at ry = a@ now leads to 

>> 55 2Am COS BnB(Co cos nO + Dy sin nd)(koJq'(ca) + hJ(oa)) 
m=1n=0 

a ~. a Cn COS 10 COS Bmz SiN Bml 

sid p» p> 2Bml + sin 2Bml 

The constants A» are wholly arbitrary. We can therefore take 

fe sin Bpl 

ate © Sr a oe 

Comparing the coefficients of cos ”@ and sin 7@ on the two sides of 

this equation, we get 

D, = 0, 

Cn 

eee koJ,' (ca) + hJ,(ca) 
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The symbolic solution of the problem therefore becomes 

—_——s— Cn SiN Bml COS NO COS BmzJn(or) : 

f 42, p> (28ml + sin 2Bnl) {koTn'(ca) + hJI,(ca) } 

The part of this symbolic solution depending on is 

J,(or) : 

koJ,/(ca) + hJ,,(ca) 

When p = 0, g@ = 0, and o? = —§?. The Bessel functions with 

a purely imaginary argument are therefore required. These func- 

tions are given by 

: 
Z 

J,(ix) = 1"I,(x), 
Jn' (4x) = #-I,,'(x). 

Therefore, 

Y(o) _ Tn(Bmi) ‘ 
Z(0) — RBmIn' (Bm@) + hI n(Bma) 

Denoting the roots of the equation 

Z = bxJ,/(x) + J,(x) = 0, 

where b = k/ha, by as, », the permissible values of » are given by 

pom — 0 (Bat +22). 
With these values of ,, 

GL Os, nw 2 2q2 — k®n?)Tn(as. n)s 

dp sta gt *) Wan. bless ieee: 

and the final solution of the problem is 

aes ee? 
> Cn SiN Bml COS Bmz Cos n8 In(Bm?) 

— 2Bml + sin 2Bnl abBinI n' (Bmat) + In(Bma) 

II.2 
Gent Jn (Ga) exp. {—< ae = (@Bm + az, »*)é 

b $9 . ~ 2 Ly Bn? + ate, 22) (Pete, w? rs 1 — Bn?) Tn(ces, n) 

It is easy to show that on putting ]= © this reduces to the solu- 
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tion of the analogous problem for the infinite cylinder. For when 

1 = o, the only root of I1.1 is 8 = 0; for this value, 

sin Bl jo Se 

261 + sin 2pl 4 | 

The first term in the brackets becomes 

I r\* 

nb+1 (: ) 

leading to equation 9.3. 

12. Since v = 0 at ¢t = 0, we have the expansion 

I n(Bm?) 
baBmI n’ (Bm) + In(Bma) 

: és Qs, wok ( — r) 

ae ' ‘ 
p> (a?Bm? + Qs, n°) (Bas, eti— bn?) Tn(as, a 

In this expansion, considered by itself, 8» may have any positive 

value. Taking Bna = 1, and r/a = x, we get the expansion 

I n(x) 
bIn'(1) + In(t) 

C3} 2 
wan E As, n Fal ces: wk) 

U2 605; 

4 (1 + ats, n2)(Pars, x? + I — BN)In(as, n) 

valid for all positive values of b, and foro <x <1. 

If we attempt to expand J,(x) in a Dini series, we have 

a(x) = Do beTa(o, w2)- 

Now (Watson, l.c., p. 597), 

1 

ga i 1In(t) Jule, nf)dt 
= a ? : 

é (as, oo n*) Jn? (as, oJ eo Qs, a kee ay 

where az, » are the roots of 

b+ xTn'(x) + In(x) = 0 
or 

Ju (a, a) = — In(@s, n) n) . 

bas, n 
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It therefore follows that 

a esa f *tIn(t) Talore, at)dt 

oS ah at Ce 
and comparing with the expansion 12.1 we get the definite integral 

13 tI n(t)In(as, nt)dt = eee) EO ee ") . 12.2 

PALMER PuysicaL LABORATORY, 

PRINCETON, N. J. 



THE “INDIAN SUMMER” AS A CHARACTERISTIC 

WEATHER TYPE OF THE EASTERN 

UNITED STATES. 

By ROBERT De C. WARD. 

(Read April 20, 1923.) 

Description of Indian Summer——No type of American weather 

has been accorded such widespread and unstinted praise as has our 

“Indian summer.” Poets, masters of literature, historians, travelers, 

meteorologists, and even the daily newspapers have united in their 

enthusiastic descriptions of its charms. The task is not an easy one 

to choose from among these many printed accounts the two or three 

which will best serve to introduce the subject of this paper. It may 

perhaps not be inappropriate to single out two as having been written 

by men who are among the most widely known American writers of 

the past generation. In his “ History of the Conspiracy of Pontiac,” 

Francis Parkman wrote thus: 

. . . then succeeded that gentler season which bears among us the name of 

the Indian summer ; when a light haze rests upon the moving landscape, and the 
many-colored woods seem wrapped in the thin drapery of a veil; when the air 

is mild and calm as that of early June, and at evening the sun goes down amid 

a warm, voluptuous beauty, that may well outrival the softest tints of Italy. 

But through all the still and breathless afternoon, the leaves have fallen fast in 

the woods, like flakes of snow, and everything betokens that the last melancholy 

change is at hand. 

With his inimitable charm, Dr. Oliver Wendell Holmes described 

the Indian summer of his beloved New England in the following 

delightful passage : 

‘In October, or early in November, after the “ equinoctial” storms, comes the 

Indian summer. It is the time to be in the woods or on the seashore—a sweet 

season that should be given to lonely walks, to stumbling about in old church- 

yards, plucking on the way the aromatic silvery herb everlasting, and smelling 

at its dry flower until it etherizes the soul into aimless reveries outside of space 

and time. There is little need of trying to paint the still, warm, misty, dreamy . 

1Francis Parkman, “ History of the Conspiracy of Pontiac,” 1851, p. 404. 
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Indian summer in words; there are many states that have no articulate vocabu- 

lary and are only to be reproduced in music, and the mood this season produces 

is of that nature. By and by, when the white man is thoroughly Indianized (if 

he can bear the process), some native Haydn will perhaps turn the Indian sum- 

mer into the loveliest andante of the new “ Creation.” 2 

These quotations indicate, in far more poetic and expressive terms 

than those which the present writer has at his command, the char- 

acteristics of the Indian summer: the calm, sunny days; the dry, mild 

and genial atmosphere; the smoky haze which lends to the distant 

view a soft, indistinct, impressionistic tone and paints the sunset a 

glorious but subdued red; the wonderful coloring of the autumnal 

foliage ; the welcome return, for a short space, of summer warmth 

following the first frosty nights and cool days of advancing winter. 

Origin of the Name “ Indian Summer.’—Much interest centers 

in the origin and meaning of the term Indian summer, and diligent 

search has been made by scholars of the literature bearing upon this 

question. Among these, Mr. Albert Matthews, of Boston, has made 

the most exhaustive study of the historical usage of the name, as well 

as a critical examination of the various explanations which have been 

given of its original meaning.* 

The first use of the name was, for some twenty years, attributed 

by Matthews to Major Ebenezer Denny, who mentioned it in his 

“ Journal” kept at Le Boeuf, near the present city of Erie, Pa., Octo- 

ber 13, 1794. An earlier case has, however, since been reported by 

Matthews. This appears in a letter dated “ German-flats, 17 Janvier, 

1778.” In this, Crévecoeur gives a “Description d’une Chute de 

Neige, dans le Pays de Mohawks, sous le rapport qui interesse le 

Cultivateur Américain.” * 

Speaking of heavy autumn rains, followed by severe frost, the 

writer says: 

2 Oliver Wendell Holmes, “ Pages from an Old Volume of Life,” 8vo, Bos- 

ton, Houghton, Mifflin and Co., 1891, pp. 165-166. 

8 Albert Matthews, “ The Term Indian Summer,” Month. Wea. Rev., Vol. 

30, 1902, pp. 19-28, 69-79. This paper contains a very complete bibliography 

and many quotations from the original sources. See also Josiah Morrow, “ In- 

dian Summer,” ibid., Vol. 39, 1911, pp. 460-470. 

4“Tettres d’un Cultivateur Américain ... depuis l’Année 1770 jusqu’en 

1786, par M. St. John de Crévecoeur, Traduites de l’Anglais,” Paris, 1787, L, 

p. 294. 
PROC. AMER. PHIL. SOC., VOL. LXII., D, AUG. 10, 1923. 
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Sometimes the rain is followed by an interval of calm and warmth which is 

called the Indian summer (1’Eté Sauvage) ; its characteristics are a tranquil 

atmosphere and general smokiness. Up to this epoch the approaches of winter 

are doubtful; it arrives about the middle of November, although snows and 

brief freezes often occur long before that date.® 

Various suggestions have been made to explain the use of the 

word Jndian in connection with Indian summer. One is that the 

Indians selected this time of the year as their hunting season, “to 

which it is highly conducive,” as an unknown writer remarked, “ not 

only on account of the plenty and perfection of the game, but also in 

consequence of the haziness or obscurity of the air, which favors a 

near, and unsuspected approach, to the object of pursuit.”® Another 

suggestion is that the characteristic smoky haze in the air at this sea- 

son was due to the fact that the Indians then set fire to the prairie 

grass, woods, and underbrush. With reference to these views, Mat- 

thews observes that the Indians also hunted and set fires at other 

times of the year. Other explanations are that the Indians made use 

of the dry, clear weather for attacking the whites again before winter 

set in; that this was the season for the Indian harvest; that the term 

was derived from the prevalence of southwesterly winds regarded by 

the Indians as sent by special favor from a beneficent deity thought 

to reside in the southwest, and that the unreliability of Indian sum- 

mer weather suggested the deceitfulness of the Indians. After a 

critical examination of these different theories, Matthews concludes 

“we shall therefore be obliged to suspend judgment with respect to 

the origin of the name of the Indian summer season until fresh evi- 

dence as to the early history of the term is produced. . . . It is pos- 

sible that the name will some day be traced to an Indian myth or 

legend.” 7 

Professor George Lyman Kittredge, of Harvard University, is 

another scholar who has investigated the origin of the term.* Pro- 

5 Translation by Dr. Cleveland Abbe, Jr. See note by Albert Matthews in 

Month. Wea. Rev., Vol. 39, 1911, p. 460. 

6 “Essay on the Indian Summer, read at a meeting of the Maryland Acad- 

emy of Sciences by One of its Members, Baltimore, December 16, 1833,” Amer. 

Journ. Sci., Vol. 27, 1835, pp. 140-147. 

7 Loc. cit., footnote 3. 

8 George Lyman Kittredge, “‘The Old Farmer and His Almanack,” 8vo, 

Cambridge, Mass., Harvard University Press, 1920, pp. 191-207. 
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fessor Kittredge thinks it far-fetched to attribute the haziness of the 
sky to the brush and forest fires kindled by the Indians in the autumn, 

and believes it “far more reasonable” to think that reference was 
made to the “proverbial deceitfulness and treachery of the natives” 

or to their “equally proverbial instability.” He also thinks it “ con- 

ceivable that Indian summer was at first equivalent (among the ear- 

liest English immigrants) to ‘fools’ summer.’ If so, we seem to 

have a parallel to the ‘Old Women’s Summer’ of the Germans. . . .” ® 

The conclusion, however, is that the “origin of the term is a mys- 

tery” (p. 193). 
A wholly different origin of the “ Indian summer ” has been sug- 

gested by Mr. Horace E. Ware, who indicates that Indian in this 

connection may have referred to a nautical use in the British Indian 

seas.*° Under the Regulations of the British Board of Trade one of 

the load-lines on ships bears the initial letters “I. S.,” this indicating 

the maximum depth to which vessels can be loaded for voyages dur- 

ing the “Indian summer,” which means the fine weather season in 

the Indian seas. It is possible, though unlikely, that the Indian sum- 

mer of the eastern United States was thus named by travelers or 

seamen who saw in it some resemblance to the fine weather during 

the northeast monsoon of India. 

Whatever may have been its origin, the term Indian summer was 

evidently first used in the eastern United States, probably in New 

England, and spread thence westward across the Mississippi valley ; 

southward along the Atlantic coast, and northward into Canada. It 

appears, however, today to be most familiarly known and most com- 

monly employed in the northeastern portion of the United States. 

When Does Indian Summer Come?—Opinions have differed a 

® The term Altweibersommer is applied to similar spells of autumn weather 

in Germany. 

10 Horace E. Ware, “ Notes on the Term ‘Indian Summer,’” Publ. Colonial 

Soc. Mass., Boston, Mass., Vol. 18, 1917, pp. 123-130. The author cites a poem 

by Philip Freneau, dated 1815, as the first appearance of the name in poetry, 

and quotes Mrs. Sigourney’s poem on the same subject, written before but pub- 

lished in 1849. See also C. F. Talman, “Indian Summer,” Month. Wea. Rev., 

Vol. 43, 1915, pp. 44-45. William G. Reed, “Indian Summer and Plimsoll’s 

Mark,” ibid., Vol. 44, 1916, p. 575. The latter paper gives a photograph (Fig. 

2, opposite p. 575) of the load-line marks on the bow of the British S. S. 

Dramatist, of Liverpool, taken at San Pedro, Cal., October 14, 1916. 
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good deal both as to the time of occurrence and also as to the dura- 

tion of Indian summer. This fact becomes obvious to anyone who 

examines the literature on this subject, or who questions persons with 

whom he comes in contact. The term has been most commonly used 

for warm, dry, hazy spells in the autumn months, but it has also been 

applied to warm spells in December and even in January. Some 

writers have referred to it as peculiar to New England, while others 

have stated that it occurs widely over most of the United States, even 

on the Pacific coast. Others, among the older writers, held the view 

that the Indian summer was more marked in their time than for- 

merly, while another group maintained that it was less marked. One 

unknown author, who held that “the Indian summer appears usually 

in the month of November,” went so far as to observe that a similar 

type of weather “is by no means uncommon in the month of October, 

and is frequently mistaken for the true Indian summer by persons 

unacquainted with the proper period of its accession.” Blodget, on 

the other hand, whose “ Climatology of the United States”’ was one 

of the milestones in the history of American climatology, maintained 

that it is held certain that one such period, of some days’ duration, 

will occur in October of every year.‘ In spite of these divergent 

views, it is today distinctly the trend of popular opinion that Indian 

summer comes in the autumn, some time in October or November, 

after the first severe frost; and that its length is indefinite, varying in 

different years.1* Sometimes, however, there is no Indian summer 

at all, while in other years two or three spells of warm weather all 

seem to merit the name. During the past twenty-odd years, at fre- 

quent intervals during the autumn months, the writer has questioned 

his students regarding their own impressions on this subject and finds 

that their views are the same as the majority opinion above stated. 

In some years, when more than one spell of Indian summer weather 

occurred, there has: been considerable doubt as to which one of these 

was the Indian summer, the preference being to apply that term to 

the longest and most marked of these spells. 

11 Lorin Blodget, “ Climatology of the United States,” large 8vo, Philadel- 

phia, Pa., 1857, p. 233. 

12 See, e.g., Cleveland Abbe, “ The Time and Duration of the Indian Sum- 

mer at Washington,” Month. Wea. Rev., Vol. 33, 1905, p. 489. 
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A collection of daily weather maps for autumn days of marked 

Indian summer characteristics has been made during a number of 

years-past.--On the basis of these maps, a very much generalized 

sketch map was drawn, free-hand, showing in broad outline the gen- 

eral distribution of pressure, winds, and weather prevailing during 

these Indian summer periods. This map is not a composite, traced 

off from a large number of maps and then generalized, nor does it 

represent any individual map. 

The conditions here shown are typical of most Indian summer 

weather maps over the eastern United States. A dominant anti- 

cyclone is central over the southern Atlantic coast. A moderate de- 

pression is over the Lakes. Generally clear weather prevails, with 

some cloudiness and perhaps scattered local showers over the Upper 

Lake region. ‘There are gentle southerly to southwesterly winds or 

calms, hazy skies and temperatures above the seasonal average, with 

fairly well-marked diurnal ranges, giving cool, pleasantly refreshing 

nights. Many modifications of the type here shown may occur. 

Thus the high pressure area may be somewhat farther north or west; 

or the low may be better defined, and over the northern Plains. In 

the latter case, conditions favorable to warm, fair weather prevail 

west of the Mississippi valley. Again, the depression may be farther 

northeast, towards the Gulf of St. Lawrence. These variations in 

pressure distribution bring about changes in the area covered by and 

in the local characteristics of the Indian summer type, but as long as 

the general situation here outlined continues, the same general 

weather conditions will last. It is quite characteristic of Indian sum- 

mer spells that they usually persist for several days, the depressions 

being poorly defined and moving slowly eastward, while the anti- 

cyclone maintains its position without much change. Such a spell of 

weather usually breaks up with a general, often a cold, rain, accom- 

panying a well-marked cyclonic storm. 

Indian Summer Weather Type Maps Occur at All Seasons.— 

The popular impression regarding Indian summer, that it comes 

after a severe frost in autumn, is associated with the idea that the 

special type of weather map which gives rise to this well-known spell 

occurs only in the autumn. This is not the case. Such general pres- 
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sure conditions as those broadly generalized in the accompanying map 

may occur in any month, although the weather which accompanies 

them and the intensity and movements of the controlling high and low 

pressure areas vary with the seasons. For a good many years the 

writer has collected Indian summer type weather maps whenever such 

were found. The charts cover every month in the year. In other 

words, spells of fine weather, with temperatures above the average, 

hazy skies and gentle southerly winds are likely to come at any time. 

In winter, when there is snow on the ground, such a condition brings 

a thaw. The warm damp winds, chilled as they blow over the cold 

surface, may even become foggy or cloudy. If the ground is bare, 

the sky is clear or fair, and we have a spell of “ spring-like ’” weather. 

An Indian summer type about December 25 gives a “ green Christ- 

mas ”; in January, a “ January thaw”; in March, April and May, a 

spring “ hot day ”; in summer, a hot wave. 

The Special Peculiarities of the Indian Summer Type in the Au- 

tumn Months.—lIs there, then, any special peculiarity about this type 

of weather when it occurs in autumn, and is generally termed the 

true Indian summer? The answer to this question is probably to be 

found in the interaction of a number of factors. In the fall of the 

year there is characteristically something in the nature of a stagna- 

tion, or slackening, in the general movements of the atmosphere. 

The anticyclone over the South Atlantic slope often persists for sev- 

eral days, while the usual procession of cyclonic depressions passing 

over the Lakes and down the St. Lawrence Valley is interrupted, and 

weak, slow-moving and often poorly developed low pressure areas 

appear instead. The barometric gradients are apt to be weak. Au- 
tumn is a transition season. The cyclonic activity of the colder 

months has not yet set in. The thunderstorm activity of the sum- 

mer has passed. There is a pause, as it were, before the turbulence 

of the winter begins in earnest, and a period, or several periods, of 

warm, quiet weather may set in. As an early writer poetically ex- 

pressed it, “the air is perfectly quiescent and all is stillness, as if 

Nature, after her exertions during the summer, were now at rest.” ** 

Over much of the country, especially in the east and southeast, the 

13 John Bradbury (1817), quoted by Albert Matthews, loc. cit., footnote 3, 

p. 24. 
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autumn months are a season of minimum, or at least of a small rain- 

fall. Thus dry spells are likely to be especially frequent then. This 

is, furthermore, the time when forest, brush, and grass fires are com- 

mon, accidentally started by a careless hunter or tramper, or by the 

sparks from a locomotive. It is also a time when dead leaves and 

other garden rubbish are apt to be burned, in the final clearing up of 

many gardens at the close of the summer. Thus the more or less 

calm and stagnant atmosphere often becomes smoky. It is this 

smoke, combined with the haze caused by the condensation of water 

vapor in the warm southerly air currents, and with the dust derived 

from the minute particles of the dry leaves, which gives the softness 

and impressionistic quality to the distant view, and adds so much to 

the beauty of the typical American Indian summer. In addition, the 

long nights and the small vertical temperature gradient of autumn 

contribute to the accumulation of smoke and to the production of 

quiet conditions at that time of year. And, finally, there is the satis- 

faction which comes from experiencing days of real warmth after the 

first chill of autumn frosts—a reminder of the summer which has 

passed; a final breathing spell when we may once more revel in the 

full enjoyment of Outdoors before the storms and cold of winter 

change the aspect of Nature." 

HarvarD UNIVERSITY, 

CAMBRIDGE, Mass. 

14 For additional references see: Lyman Foot, “ Remarks on Indian Sum- 

mers,” Amer. Journ. Sci., Vol. 30, 1836, pp. 8-15; “ On the Cause of the Pecu- 

liar Aspect of the Air in the Indian Summer,” ibid., 2d Ser., Vol. 18, 1839, pp. 

66-67; Joseph E. Willet, “ Indian Summer,” ibid., Vol. 44, 1867, pp. 340-347; 

W. M. Wilson, “Indian Summer,” Month. Wea. Rev., Vol. 30, 1902, pp. 440—- 

442; Robert M. Brown, “Indian Summer,” Journ. Geogr., Vol. 8, 1909, pp. 

25-31. 



PREHISTORIC MISNOMERS. 

By EDWIN SWIFT BALCH. 

(Read April 19, 1923.) 

During the past hundred years the study of prehistoric man has 
become of continually increasing scientific importance. At first, 
everything connected with it, in more ways than one, was unbroken 
ground. This necessitated an entirely original terminology which 

grew gradually and is still growing. Some of this is descriptive and 

appropriate, but, probably partly owing to the imperfect knowledge 

of the early students of the subject, some of it is non-descriptive and 

confusing. And in an attempt to make clear why certain terms used 

in connection with prehistoric man are misleading, it is necessary to 

say a few words about certain fundamentals of the subject. 

There are four classes of stone artifacts or stone implements, 

terms applying equally to stones used as tools or to stones used as 

weapons, and unquestionably these stone artifacts evolved in the fol- 

lowing order: (1) natural stones or pebbles unworked by man; (2) 

stones or pebbles fractured by man into indeterminate accidental 

shapes; (3) stones or pebbles fractured and fashioned by man into 

definite artificial forms; (4) stones or pebbles fractured and fash- 

ioned by man into definite artificial forms and then polished. 

Polished-stone implements, those belonging to the fourth class, 

were the first accepted by the pioneers in prehistoric archeology as 

the handiwork of man, and with their recognition came the certitude 

of the existence of a Stone Age. Then chipped-stone implements 

with artificial shapes, those belonging to the third class, were recog- 

nized. Next the pioneers became aware of the fact that polished- 

stone implements were found only in later archeological horizons, 

while chipped-stone implements were found in early ones as well as 

in later ones. Reasoning from this and from imperfect local data, 

archeologists soon began to speak of the New Stone Age and the Old 

Stone Age. Translations of these titles into Greek were then made 

for scientific use and the supposed periods became known as the Neo- 
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lithic Age and the Paleolithic Age, and the implements as neoliths 

and paleoliths. In the course of time, also, certain archeologists real- 

ized that before man thought of fracturing stones into definite shapes, 

he must have fractured stones merely to obtain a cutting edge or a 

point. And to such stones, those of class 2, of which millions must 

have been made, even if they can not be positively identified as the 

handiwork of man, some bright individual affixed the name of dawn 

stones or eoliths. For class 1, no defining name has been coined, but 

the terms pre-eolithic and pre-eoliths are sometimes made use of and 

fairly cover the situation. 

The weak spot in this nomenclature, however, is that the terms 

eolith, paleolith, and neolith refer to time and not to kind. They do 

not describe the different kinds of stone implements, they merely 

imply that certain kinds are older than certain other kinds, and as 

this is only partly true, it creates confusion. Stone implements un- 

doubtedly evolved in the order of the four classes mentioned, but 

they evolved thus at different times in different places. or instance, 

there is a growing certainty that neoliths were in general use in west 

central Asia many millenniums before they either evolved or were 

introduced into Europe. That is to say, the Neolithic epoch in west 

central Asia was contemporaneous with the latter part of the Paleo- 

lithic epoch in Europe. 

But of still greater importance is the fact that all four classes of 

stone implements have survived to our own generation. Boys who 

throw stones at birds and men who throw stones at one another are 

using the earliest missile known to man. When workmen break up 

stones into indefinite shapes to strew on roads and our tires explode 

from contact with their cutting edges or their sharp points, we are 

unpleasantly reminded that eoliths are still in use. One tribe of 

primitive men at least, the Tasmanians, was in a pure Paleolithic 

epoch when the oldest living members of the American Philosophical 

Society were boys. And as far as can be gathered from the very 

uncertain reports, some of the American Indians inhabiting the vir- 

gin forests round, the headwaters of the Amazon have not advanced 

beyond polished stone implements—that is, they are still in a Neo- 

lithic age. . 

The terms eoliths, paleoliths, and neoliths, and their derivatives, 
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Eolithic period, Paleolithic period, and Neolithic period, however, 

though founded on imperfect knowledge and not descriptive, never- 

theless have become consecrated by usage. And therefore they will 

continue to be employed. But it should be understood that they 

apply to the order of evolution of stone implements and not to the 

actual time of manufacture of any particular implement. In other 

words, archeologists should recognize that these terms are restricted 

in meaning and that in certain respects they are incorrect. 
To this somewhat erroneous albeit usable terminology, however, 

some archeologists are now beginning to add one thoroughly erro- 

neous title, namely, Mesolithic period or Middle Stone Age. The 

logical sequence of this would be the term mesolith, but this is so 

exceedingly inappropriate that, as far as I know, no one as yet has 

attempted to use it. Another title which is right enough if used cor- 

rectly, but which lately is beginning to be used incorrectly, is Pre- 

paleolithic. And it is time to put up a warning signal against these 

confusing innovations. 

What, now, is the title Mesolithic period supposed to cover? Not 

very long after archeologists began digging scientifically in Europe, 

they became aware that formed chipped-stone implements are found 

evolving from very rough ones to highly finished ones in a series of 

superimposed horizons which became known as the Chelléen, Acheu- 

léen, Moustérien, Aurignacien, Solutréen, and Magdalénéen horizons. 

Then came a gap in the European strata, and then above the gap 

came polished stone implements. This gap for some years was usu- 

ally spoken of as the hiatus. But in course of time, by unremitting 

digging, this hiatus became bridged by the discovery of several hori- 

zons of which the most important are the Azilien and the Campig- 

nien. And this former hiatus it is which some archeologists, assum- 

ing that the Paleolithic period stops at its lower edge, are beginning 

to call the Mesolithic period. 

But any archeologist who accepts the term Mesolithic or Middle 

Stone period, perforce must accept the term mesolith or middle stone. 

Now, what would mesolith mean? If it means anything at all, it 

must mean a stone implement which is neither a formed chipped- 

stone implement nor a formed polished-stone implement. But while 

it is true that the artifacts of the Azilien and Campignien horizons 
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are not polished-stone implements, it is equally true that they are 

formed chipped-stone implements. They are a direct advance by 

evolution from earlier forms of chipped-stone implements. And the 

forms of two of the Campignien implements are of especial interest, 

because they are the prototypes of our present-day hatchet or axe 

and of our pick or hoe, and they show when the change from the life 

of the hunter into the life of the agriculturist began in Europe. But 

since these Campignien implements are formed chipped-stone imple- 

ments they are paleoliths and they belong to the Paleolithic period. 

And this’ being the case, the term Mesolithic period is a misnomer 

and the sooner it is abandoned the better for prehistoric archeology. 

Turning now to the term Pre-paleolithic, what does it mean? It 

can mean with accuracy only one thing, and that is the times when 

man was already on the earth and was using only either unworked 

pebbles or stones fractured into indeterminate forms. But for these 

times we have already the terms Pre-eolithic period and Eolithic 

period, which are more definite than Pre-paleolithic, regardless of 

whether any particular shapeless pieces of flint can be verified as 

having been fractured by the forces of nature or by the hand of man. 

There are signs, however, that the term Pre-paleolithic may be- 

come employed inaccurately. And this seems to be due to certain 

archeologists still apparently considering the terms Paleolithic period 

and Neolithic period as beginning and ending at definitely fixed ar- 

cheological periods of time. But they do not. The Neolithic begins 

with the first polished-stone implements and the. date when these 

were made is slowly retrogressing. The Paleolithic begins with the 

first formed chipped-stone implements and the date when these were 

made is also slowly retrogressing. During the last half of the nine- 

teenth century it was. generally accepted that paleoliths were first 

manufactured in the early Pleistocene, some time before the impor- 

tant Chelléen horizon. But within the last few years a chipped- 

stone implement bearing horizon which is very close to, if not actu- 

ally in, Pleiocene strata has been traced at Cromer, England. An- 

other which appears without a shadow of doubt to be Pleiocene has 

been discovered at Foxhall, near Ipswich, England. And judging 

only from the illustrations published of the implements taken from | 

this Foxhallian horizon, there can be no doubt that they are formed 
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chipped-stone implements—that is, paleoliths. And what they do is 
to throw back immensely the time at which the making of paleoliths 
began in-the-Old- World. 

In one direction, a great improvement in prehistoric terminology 
has recently come to the fore, and that relates to the advances and 
retreats of the northern ice. At first only one advance was recog- 
nized, then two, and now the number of the advances is figured out 

by some geologists as three, by some as four, by others as five, by 
still others as six. There is a beautiful uncertainty in the matter. 
For these several advances and retreats, various sets of names have 

been invented, some for Europe, others for America. It is hard to 

memorize the order of these names and still harder to know which 

names of one set coincide with the names of another set. Fortu- 

nately, however, this cumbrous nomenclature is gradually being aban- 

doned and the glacial advances and retreats are becoming known as 

the First Glacial period, First Interglacial period, Second Glacial 

period, Second Interglacial period, etc. And as the advances and 

retreats were unquestionably simultaneous in the Old World and in 

the New World, these terms apply equally to both and eliminate 

further confusion. 

There is a tendency, however, among the prehistoric archeologists 

of today to settle on the Moustérien horizon of the European Paleo- 

lithic as coinciding with the last Glacial period, and to place the 

Aurignacien, Solutréen, Magdalénéen, Azilien, Campignien, and later 

horizons, in the Post-Glacial. But this latter classification seems 

both incorrect and confusing. There is indeed now, it is true, no 

doubt that the Moustérien horizon coincided partly, perhaps wholly, 

with a Glacial period. But there is also no doubt that in the suc- 

ceeding Aurignacien the climate became much warmer. Following 

this, in the Solutréen the climate began to grow colder again, and in 

the succeeding Magdalénéen it became and long remained very cold. 

So cold was it, in fact, that the hairy mammoth, the wooly rhinoceros 

and the reindeer throve plentifully in south-central Europe, as is 

proved by their numerous remains and by the splendid drawings of 

them which the ancestors of Paul Potter, Barye and Chanler, left 

for us on the walls of caverns and on pieces of stone or bone or 

ivory. 
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It was, indeed, from these portraits of the Magdalénéen heavily 

furred great mammals more than from anything else that the cave 

explorers of the middle of the nineteenth century first. became aware 

that prehistoric man had lived in Europe during a glacial period. 

One has only to look into Boyd Dawkins’s classic “ Cave Hunting ” 

to verify this statement, or to remember that certain distinguished 

French archeologists, such as Edouard Piette, spoke of the Mag- 

dalénéen as “l’age du renne.”’ Of course, a glacial period by any 

other name would be as cold, but since the Magdalénéen was glacial 

in its climate and in its fauna, why not call it glacial? Possibly it 

should be logked on as a separate glacial period: possibly as the latter 

half of the same glacial period as the Moustérien. But it certainly 

seems an error to place it in the Post-Glacial, which:should properly 

begin with the Azilien, when the climate had grown much milder and 

the fauna was about the same as the fauna of the present day. 

To sum up briefly the preceding remarks, if the term Mesolithic 

period were to become attached to the Azilien and Campignien hori- 

zons, then the term mesolith would perforce follow for their stone 

implements. But these are true paleoliths. Why not, therefore, 

continue to accept them as such and to recognize that the Azilien and’ 

Campignien belong to the Paleolithic? Likewise, as the implements 

of the Pleiocene Foxhallian horizon are formed chipped stones, why 

not call the Foxhallian horizon paleolithic, instead of speaking of it 

as Pre-paleolithic. And, lastly, since the Magdalénéen was very 

cold, why not accept it as a glacial period, or at least a part of a 

glacial period, instead of placing it misleadingly in the Post-Glacial? 



THE RATE OF MOVEMENT IN VERTICAL EARTH 

ADJUSTMENTS CONNECTED WITH THE 

GROWTH OF MOUNTAINS. 

By WILLIAM HERBERT HOBBS. 

(Read April 20, 1923) 

Until the advent of evolution in science, and its coming in the 

field of geology antedated that in the biological sciences by some dec- 

ades, geological change was supposed to be concentrated within sud- 

den cataclysms or revolutions which were believed to have punctuated 

the history of the world. These cataclysms were thought to have 

transformed the entire surface of the earth and made an end of all 

existing life, after which by a fiat of the Creator new life was started 

of a character notably different from that which had proceeded. 

Such a notion grew out of the Mosaic account of creation contained 

in the first chapter of the Pentateuch, and the idea of past geological 

time was the inherited one of the period which separated a time when 

the earth was “without form and void” from the present. The 

creation of the world was considered to be included within a period 

of seven days of twenty-four hours each, and Archbishop Usscher 

gave out officially that the period from the beginning of the world to 

that of the Christian era was 4,004 years. When geologists had be- 

come in a measure independent of Church authority, they, of course, 

interpreted the days of creation as periods rather than days, but they 

still held to the sharp separation between these periods—the cata- 

clysms of the school of Cuvier. No such cataclysms having come 

within the experience of men, the geological past was of necessity 

assumed to have been different from the present. The Noachian 

Deluge, by which God destroyed the world, supplied, however, the 

type illustration, and was naturally looked upon as the latest of the 

great cataclysms. No doubt the notion concerning past miracles 

gave much inertia to the idea that times have changed and that very 

little concerning the past could be learned from a study of present 

conditions upon our planet. 

63 



64. HOBBS—RATE OF MOVEMENT 

Modern geology was ushered in by two founders of science, 

James Hutton and Charles Lyell, the former having given us the 

basal idea of evolution in inanimate Nature, with Lyell the masterful 

expositor of the doctrine. Thus Hutton is the Darwin and Lyell the 

Huxley of the geological doctrine of evolution which has become 

known as uniformitarianism. ‘These men saw clearly that if limits 

were not placed upon the lapse of time, past changes could be as- 

sumed to have come about by the action of processes still in opera- 

tion. Hutton declared, “I can see no vestige of a beginning, no 

prospect of an end,” and Lyell preached, “ The present is the key to 

the past.” Unconsciously Lyell meant that the present in a country 

like Great Britain is the key to the past, and we know today that, 

geologically speaking, the British Isles represent a notably stable por- 

tion of the earth’s surface where changes of the lithosphere surface 

proceed with exceptional slowness. 

The immediate effect of the new doctrine of uniformitarianism 

was to dispel much illusion and to start observation of geological 

processes, with beneficial results which it would be difficult to over- 

estimate. It would, however, be unfortunate if we were to overlook 

the fact that the acceptance of the doctrine resulted in drafts upon 

the bank of time upon which there was set no limit whatever. Esti- 

mates of the age of the earth since the beginning of life upon it soon 

went up into the hundreds of millions of years; and although a mo- 

mentary check came in the attempts of physicists, and notably Kelvin, 

to limit these claims, the arguments from the physical field were sub- 

sequently shown to be subject to large error, with the effect of lead- 

ing the geologists to carry their estimates still higher. The discovery 

of radio-activity caused the physicists to shift their ground and as a 

class to outrun the geologists in the extravagance of their claims, so 

that they estimated the age of the earth not in hundreds of millions, 

but in billions of years. One well-known geologist had, i en 

fixed the earth’s age to be in the trillions of years. 

The history of science shows that it has its fashions quite as in- 

exorable as those of the social world,’ and it would be idle to deny 

that the fashion of the day among geologists is to claim ever greater 

time limits for the age of the earth. The American Philosophical. 

Society has supplied proof of this by its recent symposium on the 
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measure of geological time. It has, moreover, become the habit of 

some paleontologists, I much regret to say, to place opposite the divi- 

sions of the geological column a time scale aggregating some hun- 

dreds of millions of years and unfortunately giving to the reader the 

notion that these periods of time are well determined. I venture the 

prediction that such time scales will eventually be found to have the 

same degree of reliability as that of Archbishop Usscher which was 

long printed in the margins of our editions of the Bible. I here 

make no attempt to state any estimate concerning the age of the earth, 

my position being that of the agnostic in this matter. One may, 

however, assert with much positiveness that we have as yet no data 

of sufficient reliability concerning the age in years of our earth, and 

all those which attempt to give proportionate figures for the different 

ages have become involved with many unknown factors, some uncon- 

sciously introduced, which destroy their value. If the argument 

from the helium and lead ratios in radio-active minerals seems to offer 

an exception, it may be pointed out that the disproportionately small 

yardstick used for the distance to be measured is of a kind which has 

had many sad illustrations in the history of doctrines once accepted 

in science, but later abandoned. The use of the geothermic gradient 

to measure the temperature at the earth’s center is one example only 

among many of the use of inadequate yardsticks, as well as of lack 

of knowledge concerning conditions within the space to be measured. 

My argument concerning the earth’s age is admittedly destructive, 

but I have none the less something positive to contribute to the dis- 

cussion. 

All attempts of geologists to measure past time since the begin- 

ning of life upon the globe, and it is this period alone which I shall 

discuss, have been based upon the Lyellian doctrine of uniformi- 

tarianism—that the present is a reliable key to the past—and all geo- 

logical methods of guaging this period have in the last analysis de- 

pended upon the rate of mass movement within the outer shell of the 

lithosphere—upon diastrophism. Rates of erosion and sedimenta- 

tion are all dependent upon climatic conditions which affect the rate 

of weathering and upon movements of elevation and subsidence, to 

which erosion, transportation, and sedimentation are all adjusted. 

1 Proc. Am. Phil. Soc., Vol. 61, 1922, pp. 247-288. 

PROC. AMER. PHIL. SOC., VOL. LXII., E, AUG. II, 1923. 
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The salinity of the ocean, on which so many estimates of past time 

have been based, is also dependent upon much the same conditions. 

In the latest noteworthy contribution to the subject of the earth’s 

age, that of the late Professor Barrell,’ the attempt is made to show 

that the stupendous estimates of past time which have been based 

upon the helium and lead ratios of radio-active minerals are reliable, 

and that by taking account of rhythms observable in the process of 

sedimentation and of other factors, the estimates of geological time 

by strictly geological methods may be properly stretched until they 

accord with those obtained from the study of radio-active minerals. 

It will be readily admitted that recent study of the sedimentary 

strata has revealed many hitherto unsuspected diastrophic move- 

ments of relatively small measure which have yielded disconformities 

that less careful scrutiny had overlooked; and, other things being 

equal, such movements must add to the length of the record. On the 

other hand, a recognition of the fact that strata may be folded at the 

very surface of the earth, and not alone when buried to a depth of 

some fifteen or more miles beneath it, must reduce to a mere fraction 

the estimates of geological time based upon the assumption that every 

angular unconformity must involve diastropic changes of level meas- 

ured in miles. (See the author’s Earth Evolution, Chapter V.) 

The time has arrived to state frankly that the fundamental basis 

of all estimates of geological time, the doctrine of uniformitarianism, 

is unsound. We know today that the earth instead of being in its 

normal condition—that which it has maintained throughout the 

greater part of its history—is passing out of one of the exceptional 

brief periods of glaciation, and that as a consequence its climate is quite 

abnormal. Yet upon climate the breakdown of the rocks in prepara- 

tion for erosion and deposition is dependent. Today strongly marked 

climatic zones separated in a broad way by the parallels of latitude 

impose a barrier to the extended migration of delicate organic forms 

in the meridial direction, though during the greater part of geological 

history this climatic barrier was largely non-existent and plants had 

in consequence a relatively wide distribution over the earth’s surface. 

What the rates of weathering, erosion, and sedimentation have been 

2 Joseph Barrell, “ Rhythms and the Measurements of Geologic Time,” . 

Bull. Geol. Soc. Am., Vol. 28, pp. 745-904, pls. 43-46, 1917. 
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in an earth largely devoid of climatic zones is a matter of speculation. 

That they would all be widely different from what they are today is, 

however, quite-certain. This matter is so vitally important to our 
subject that the authorities should be cited. In a paper read before 

the Geological Society of Washington in 1910, White and Knowlton ® 

stated their conclusions in a particularly clear manner. Their con- 

clusions were: 

1. Relative uniformity, mildness (probably subtropical in degree), and com- 

parative equability of climate, accompanied by a high humidity, have prevailed 

over the greater part of the earth, extending to, or into, the polar circles, 

during the greater part of geologic time since, at latest, the Middle Paleozoic. 

This is the regular, the ordinary, the normal condition. From a broad point 

of view these conditions are relatively stable. 

2. The development of strongly marked climatic zones, at least between the 

polar circles, is exceptional and abnormal. It is usually confined to short inter- 

vals, or to intermittently oscillating short intervals, all within relatively short 

periods. 

3. The periods of abnormal climatic differentiation are characterized by the 

development of extremes—i.e., by extreme and abnormal heat or cold (glaci- 

ation), humidity, or aridity—which are local or regional in their occurrence 

and variable or unstable. 

4. The brief geological period in which we live is a part of one of the most 

strongly developed and unstable of these abnormal intervals of radical change. 

The assumption that climatic variations, contrasting extremes, and complexity 

of combination and geographic distribution of climatic factors, such as now 

exist, are normal or essential, and that they were present also, though in 

slightly less degree, in all geolégical periods appears to be without paleobotani- 

cal warrant. The proposition that we are still in the glacial epoch is paleonto- 

logically true. We have no evidence that in any other post-Silurian period, 

with perhaps the exception of the Permo-Carboniferous glacial period, have 

the climatic distribution and segregation of life been so highly differentiated 

and complicated as in post-Tertiary time. 

6. The development and existence of torridity—i.e., of a torrid zone in the 

equatorial belt or any other great- region of the earth—is concomitant and 

causally connected with the development of regional frost. It would appear 

that the occurrence of a torrid zone is peculiar to abnormal or glacial intervals. 

Nearly a decade later Dr. Knowlton took up the subject with 

some thoroughness * and after discussing the several geological pe- 

riods individually he said in summary: 

3 David White and F. H. Knowlton, “ Evidences of Paleobotany as to Geo- 

logical Climate,” Science, N. S., Vol. 31, May 13, 1910, p. 760. 

*#F. H. Knowlton, “ Evolution of Geologic Climates,” Bull. Geol. Soc. 

Amer., Vol. 30, pp. 499-566, 1919. 
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. .. It is perhaps not too much to say that it has now been demonstrated 

beyond reasonable question that climatic zoning such as we have had since the 

beginning of the Pleistocene did not obtain in the geologic ages prior to the 

Pleistocene. I think this statement of conditions is very generally accepted by 

geologists and paleontologists—in fact, I am at a loss to know how the data 
available can be otherwise interpreted. 7 

Dr. Charles Schuchert also in discussing the climates of the past 

says:° 

The marine “life thermometer ” indicates vast stretches of time of mild to 

warm and equable temperatures, with but slight zonal differences between the 

equator and the poles. The great bulk of marine fossils are those of the 

shallow seas, and the evolutionary changes recorded in these “ medals of cre- 

ation” are slight throughout vast lengths of time that are punctuated by short 

but decisive periods of cooled waters and great mortality, followed by quick 

evolution, and the rise of new stocks. ... On the land the story of the cli- 

matic changes is different, but in general the equability of the temperature 

simulates that of the oceanic areas. In other words, the lands also had long- 

enduring times of mild to warm climates. Into the problem of land climates, 

however, enter other factors that are absent in the oceanic regions, and these 

have great influence upon the climates of the continents. Most important of 

these is the periodic warm-water inundation of the lands by the oceans, causing 

insular climates that are milder and moister. With the vanishing of the floods 

somewhat cooler and certainly drier climates are produced. The effect of these 

periodic floods must not be underestimated, for the North American Continent 

was variably submerged at least 17 times, and over an area of from 154,000 to 

4,000,000 square miles. 

As regards the rate of diastrophic movement upon which so much 

depends in any estimate of geologic time for the reason that the 

processes of erosion, transportation, and deposition are all adjusted 

to it, something may be contributed tending to alter the prevailing 

view that such rate even approaches the slowness which has been 

supposed. The doctrine of uniformitarianism which came in with 

Lyell and which did away with the necessity for assuming sudden 

world cataclysms and replaced these in the minds of geologists by 

almost infinitely slow changes, brought with it the idea that changes 

of level of the outer shell of the lithosphere came about as gradual 

warpings extended over long periods of time. 

Yet even Lyell had recorded in his “ Principles” accounts of a 

number of earthquakes at the time of which considerable areas of 

land surface suddenly underwent changes of level measured in feet 

5 Charles Schuchert, “ Climates of Geologic Time,” Smith. Rept. 1914, pp. 

277-311. 

’ 
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or in tens of feet. Today we know that there are large areas of the 

earth’s surface which remain in a relatively stable condition, but that 

there are also-well-marked zones within which mountains are rising, 

and where to the accompaniment of earthquakes, changes of level 

measured in feet or in tens of feet occur at intervals at least as often 

as once each century. The writer recalls vividly the shock to pre- 

conceived notions when Milne and Burton’s album of photographs 

from the Japanese earthquake of 1891 came into the hands of geolo- 

gists. To look at a vertical wall 18 feet in height separating a large 

uplifted section of a valley from its neighboring down-thrown por- 

tion, lay outside the experience of the geological profession. From 

that time, however, confirmation of such mutations of the surface 

came notably with the earthquake in British India of 1897, that in 

Alaska in 1899, and those in Formosa and California in 1906. 

The instrumental study of remote earthquakes by means of the 

seismograph, which belongs to the present generation, has indicated 

that the number and the magnitude of diastrophic movements upon 

the land areas are few and small compared to those which occur upon 

the floor of the oceanic areas, particularly that of the Pacific Ocean 

and the Mediterranean and Caribbean zone athwart the Atlantic. 

The lack of an expeditious, accurate, and inexpensive method of 

sounding the seas has thus far prevented our securing evidence con- 

cerning the actual amplitude of these diastrophic movements upon 

the floor of the sea; but now with the invention by Dr. Hayes of the 

U.S. Navy Department,*® of the sonic depth finder we already have 

in our possession the means of correcting this defect. 

Largely unknown to us there is, however, an extensive body of 

fact bearing upon this subject of the unrest of the ocean floor—the 

so-called vigias—those mysterious perils to navigation which have 

been reported by some navigators, but sought for in vain by others. 

A preliminary investigation of such areas, usually represented upon 

the hydrographic charts by the symbols “ E. D.” or “ P. D.,” shows 
that they represent in many, if not in all, cases places of special un- 

rest and the loci of seaquakes. They fall to a very large extent 

within those zones within which mountains are rising and troughs 

6 W. H. Hobbs, “ Sounding the Depths of the Ocean,” The Michigan Tech- 

‘nique, Vol. 36, January, 1923, pp. 5-8. 
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being depressed in their neighborhood. Here there is good ground 

to believe that the floor of the ocean has undergone sudden changes 

of elevation measured individually not in tens of feet, as are the 

zones of unrest upon the continents, but rather in hundreds and even 

thousands of feet. Perhaps the most remarkable example of a vigia 

is that of St. Esprit Reef off the front of the Lesser Antilles. The 

history of this vigia extracted from the West Indies Pilot supple- 

mented by data kindly furnished by the U. S. Hydrographic Office 

is as follows: 

1723. Automne reports danger in this vicinity. . 

1817. St. Esprit reports chain of rocks distinctly seen in water 

8 ft. deep for distance north and south of 500 fathoms 

and distance east and west of 100 fathoms. Lat. 14° 

37’ N., Long. 58° 56’ W. 

1833 (Feb.). 

H. M.S. North Star en route Antigua to Demerara struck 

soundings at 7 fathoms near St. Esprit vigia. 
1833 (Oct.). 

H. M. S. Dispatch made soundings in passing near posi- 

tion, but found no shoal. 

1834 (Jan.). 

H. M. S. Ariadne, Sapphire, Vestal, Forte, and Victor 

searched for the shoal without result. 

1836. Galatea also made search with negative result. 

1866. H. M. S. Buzzard found banks with depths of 40-80 

fathoms extending 10 miles from N.W. to S.E. and 

about 18 miles west of the original locality of St. Esprit 

vigia. 

1866 (later). 

H. M. S. Wolverine confirmed Bugzard’s soundings. 

1866-7. 

H. M. S. Gannet searched for bank in vain. 

1869. H.M.S. Jason, 1872, H. M. S. Sirius, searched for bank 

in vain.’ 

1876. Danish brig Venus saw rocks in lat. 14° 40’ N., long. 

59° 10’ W. 
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1898. H. M. S. surveying vessel Rambler searched for shoal in 

vain, but found soundings ranging from 1,440-1,940 

——~< fathoms. 

1908. Gallion reported discolored water in lat. 15° 18’ 22” N., 

long. 60° 4’ 53” W. No soundings taken. 

Latest hydrographic charts show depths in area to be 

from 1,540-1,968 fathoms. 
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Fic. 1. Sketch map showing the position of the St. Esprit Vigia in its relation 

to the mountain arc of the Lesser Antilles. 

The facts as set forth above are not to be laid aside by any refer- 

ence to possible errors of observation or of judgment. Startling as 

they are, they show that within a limited area, where a mountain arc 

is in process of erection, the ocean floor undergoes alternations of 

uplift and subsidence which are measured in thousands of feet for 

the period of at the most a few decades. Faults of this measure 

occur on the floor of the Mediterranean near Lante, Greece, and a 

‘throw of 600 feet on one of them took place during the sea-quake of 

October 26, 1873. 

One other example calls for mention here. Off the eastern coast 

of the Australian continent, and similarly upon the convex margin 
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of a rising mountain arc, there is an area of special unrest which has 

been described by Hedley.’ Fraser’s Island, Queensland, terminates 

northward in Break-Sea Spit and northward of this spit early navi- 

gators, including Cook and Flinders, reported the water of moderate 

depth. About 1869 this area was surveyed and accurately charted 

by the British Admiralty. Repairs required by a submarine tele- 

graph induced Captain Sharp in H. M. C. S. Iris to make a re- 

examination of the area in 1904. 

He found that from five to ten miles north of Break-Sea Spit the con- 

formation of the sea floor had entirely altered during the thirty-four years 

that had elapsed since the previous survey. Where his predecessors had found 

from twenty to thirty fathoms he measured from two to three hundred fath- 

oms. The hundred fathom line had greatly changed both in direction and 

position.® 

The map supplied by Captain Sharp and published by Hedley 

shows that over a large section of the area in question there has been 

an average subsidence during thirty-four years of more than one 

thousand feet. I am informed by Dr. Hedley in a personal com- 

munication that quite recently and since the later soundings were 

made the area has been the focus of a series of earthquake move- 

ments. The great importance of obtaining a new map of the area in 

even greater detail by the use of the sonic depth finder after an inter- 

val of almost a score of years must be apparent to all. 

In another place it will be shown that the front of strongly curved 

mountain arcs which are now forming within the oceanic area are 

generally the loci of strong seaquakes as well as of alternating uplifts 

and subsidences of large amplitude. ; 

University OF MICHIGAN, 

ANN Arsor, MICHIGAN, 

April 5, 1923. 

7Dr. Chas. Hedley, Presidential address, Proc. Linn. Soc. New South 

Wales, Vol. 36, 1911, pp. 1-39. 

8 Hedley, 1. c., p. 17. 
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DISCUSSION OF A KINETIC THEORY OF GRAVITATION 

II.; AND SOME NEW EXPERIMENTS IN 

GRAVITATION. 

Tuirp PAPER. 

By CHARLES F. BRUSH. 

(Read April 20, 1923.) 

The writer first outlined “A Kinetic Theory of Gravitation ” * 

before the American Association for the Advancement of Science in 

December, 1910. 

In April, 1914, he presented the first discussion of the theory to 

this Society.” 

In April, 1921, he presented the first paper under the present 

title,° which consisted of a second discussion of the theory and some 

new experiments in gravitation. 

The second paper under this title * was presented in April, 1922, 

and was devoted to pendulum experiments. | 

Following the pendulum experiments detailed in last year’s paper, 

I constructed a new bismuth bob of the same diameter, height, and 

weight as the former zinc bob, for comparison with the latter. 

The new bismuth bob consists of two carefully machined discs of 

equal thickness separated by a thinner disc of parafined wood as 

shown in Fig. 1. The three discs are securely fastened together by 

four slender brass screws, two from each side symmetrically located, 

and tightened up while the whole was hot enough to melt the free 

paraffin on the surface of the wooden disc. Final machining of the 

compound bob was done after the parts were permanently assembled. 

This bob was adjusted with great care for parallelism of ends, exact 

equality in height with the zinc bob, and location of center of gravity 

1 Science, March 10, 1911; Nature, March 23, 1911. 

2 Proc. Am. Purr. Soc., Vol. LIII., No. 213, January—May, 1914. 

= Proc. Am. Pur. Soc., Vol. LX., No. 2, 1921. 

4 Proc. Am. Purr. Soc., Vol. LXI., No. 3, 1922. 
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exactly midway between its faces, all as heretofore described in con- 

nection with other bobs. Also, the center of gravity was adjusted to 

lie accurately in the axis. The weight and centers of gravity adjust- 

ments’ were made by drilling’small cavities m ‘either face, which were 

then filled with ‘paraffin-to a smooth surface, as were also'the small 

cavities at the heads and: tips of the screws. The weight of the 

Fig ; 

paraffin fillings was made to be a part of the total adjusted weight. 
The ‘compound bismuth bob was then most carefully compared in 

performance with the former zinc bob, in the manner described in 

the last two papers, using the long pendulum rods. 

The purpose of these experiments with bobs of the same size, as 

well as weight, was threefold: Ist, to eliminate difference of air re- 

sistance entirely ; 2d, to eliminate almost wholly’ (not quite) the very 

large radius of gyration correction formerly | necessary on account of 

the considerably different diameters of the zinc and bismuth bobs ; 

3d, to test the effect of elimination of difference i in air displacement. 

For certain reasons it was believed that the effect of difference in air 

displacement canceled out in the former pendulum experiments. And 

its computed value, if it did not cancel out even in part, was quanti-. 
tatively so different from, the observed zinc-bismuth. effect that it 
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could not account for the latter, but could only reduce its quantitative 

value. The latter proved to be the case; the apparent zinc-bismuth 

effect was reduced about two thirds. But this does not matter because, 

as pointed out in the last paper, the end sought in these experiments 

is not quantitative value, but qualitative certainty. Moreover, as sur- 

mised in that paper and shown later in the present paper, physical 

condition of some metals appears to have much to do with their mass- 

weight relationship. This seems to be conspicuously the case with 

zinc. And again, as will appear toward the close of this paper, mani- 

festation of mass-weight differences between various substances ap- 

_pears to. depend very much on the method employed to exhibit it. 

_ Following the pendulum experiments above detailed, 3 more bobs 

were made respectively of lead, bismuth, and “ fusible alloy.” The 

latter consists of 15 parts bismuth, 8 parts lead, 4 parts tin, and 3 

parts cadmium. This alloy was chosen because its specific gravity 

differs but little from that of bismuth, and not much from that of 

lead; and because other experiments, detailed later, had shown that 

the alloy, and also bismuth, differ considerably from lead in mass- 

weight relation. 

The 3 bobs, shown in Fig. 2, were made of the same diameter, 

| 
Pb Alloy Bi 

Bie. <2: 

and carefully adjusted to the same height, with center of gravity 

midway between faces as usual. Equality of weight was effected by 

drilling 8 small holes through the bismuth parallel with its axis, and 

having their centers in a circle of such radius that as much metal lies 
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within as without the circle. The lead bob was drilled in the same 

manner, but with larger holes. All holes were closed at both ends 

with shallow corks dressed smoothly to the general surface. 

The new bobs were repeatedly compared on the long pendulum 

rods, with the following results: Lead was found faster than alloy 

by one part in about 150,000, and faster than bismuth by one part in 

about 170,000. Difference between alloy and bismuth was too small 

to be detected with certainty. Under the conditions of these experi- 

ments no corrections of the above results are indicated. 

Aside from the foregoing pendulum experiments, the past year 

has been fully occupied in developing two other quite different lines 

of experiment, both requiring most carefully designed and constructed 

apparatus of precision, and both yielding very satisfactory affirmative 

results. 

One of these methods consists in photographic observation of 

cumulative amplitude differences between zinc and bismuth or other 

substances, when they are successively used as the oscillating load on 

a long spiral spring, under exactly.the same conditions of weight, air 

resistance, and air displacement. This method is complex in theory 

and slow in practise, but gives excellent results. I shall reserve a — 

description of it for a future paper. 

The other method is quite simple in theory and very rapid in prac- 

tise. It consists in comparing the velocities of freely falling bodies 

in two aluminum containers, alike in size, shape, and smoothness of 

surface. 

The containers are partly or wholly filled with the two substances 

to be compared, and to the same total weight to equalize air-resistance 

effects, and dropped simultaneously, side by side, from exactly the 

same height always. . 

After falling about 122 cm. (4 feet) the containers strike a pair 

of horizontal targets exactly equidistant from their starting points. 

The adjustment for equality of falling distance is made by loading 

both containers with the same substance and dropping them in revers- 

ing position again and again while adjusting the level of the targets 

until the containers strike the targets simultaneously. The mech- 

anism is such that the containers push the targets downward and back- 



PLATE | No. 3. PROCEEDINGS AM. PHILOS. Soc. VoL. LXIl. 

“
y
 

- 

~
 fo t

c
l
 

r
T
 5 Be 

ein 
é 

a
R
 

8 Al
e
 

o
t
 

ate 
n
a
n
t
 

t
e
 

l
l
 





PLATE II No. 3. PROCEEDINGS Am. PHiLos. Soc. VoL. LXIlI. 





BRUSH—KINETIC THEORY OF GRAVITATION. 79 

ward out of their path after striking them, and are then caught and 

stopped in a hollow wedge-shaped receptacle lined with very thick felt. 

When, however, the containers are equally loaded with substances 

having different mass-weight relationships, such as lead and tin for 

instance, the one having the less mass per unit of weight (lead in this 

instance) will acquire a higher velocity in falling than the other con- 

tainer, and will strike its target in advance of the other. 

The method of observing which container strikes its target first 

is extremely simple and effective, as follows: Each target when struck 

breaks an electric circuit between a platinum point and plate; but both 

target breaks are in series in the same circuit, so that there is a bright 

spark at the break which occurs first, and none at the later break 

because its circuit is already open. To make this scheme effective 

for very small time differences, say a four hundred thousandth part 

of a second or less, it is only necessary to have a rather large current, 

for brightness of spark (12 to 15 amperes is ample), and as little 

inductance as possible in the circuit, to keep the spark very short. 

To these ends the wiring is heavy, so as to put most of the circuit 

resistance in the platinum contacts, and is paralleled as far as possible. 

Two dry cells of battery or one storage cell give ample e.m.f. 

Plate I. shows the complete apparatus ready for use. Two cast- 

iron plates, 30.5 cm. square and 2 cm. thick, with machined surfaces, 

are securely bolted to a thick brick wall with their faces in the same 

vertical plane. The upper plate carries the mechanism for holding, 

guiding, and releasing the containers. Below this plate may be ‘seen 

the starting and circuit closing device ready to be tripped by pulling 

a cord hanging from it. The lower plate carries the target and spark- 

ing mechanism ; and below it is seen the felt-lined receptacle for stop- 

ping the falling containers. 

Plate II. is an enlarged view of the releasing mechanism with the 

loaded containers in place, ready to start simultaneously on their 

duwnward journey, and Plate III. shows the same mechanism after 

the containers have been released and have fallen. It also shows the 

starting device locked against rebound and the sparking circuit closed. 

Plate IV. is an enlarged view of the target and sparking mech- 

anism ready to receive the falling containers, and Plate V. is the same 

after the containers have passed through it. 

PROC. AMER. PHIL. SOC., VOL. LXII, G, SEPT. 29, 1923. 
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FiG. 33. 

Fig. 3 is a diagram of the dropping, or releasing, mechanism in 

vertical side section through axis of the right-hand container shown 

in Plate II. The container a is made of aluminum tubing 8 cm. long 

and 2.2 cm: and 2 cm. outside and inside diameters.’ The upper cm. 

of the tube is tapered smaller, and the tube is capped by a snugly 

fitting dome-shaped plug of hard rubber b, easily removable for load- 

ing the container. The lower end of the tube is permanently closed 

by a forced-in aluminum plug c, through which passes the firmly 
driven conical brass stud d projecting above the plug, and on which 

rests any cylinder of metal with which the container may be loaded. 

The lower end of brass stud d, after machining, to center it, was 

ground and polished like a lens, to a radius of 6.5 mm. It rests on 

the open end of a smaller conical cavity in the thick aluminum plate e 
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permanently adjusted to horizontal position. The open end of the 

conical cavity is ground to the same radius as the brass stud, so that 

the latter contacts with the plate in a narrow ring. 

The container a is held in truly vertical position by the guide tube 

f, which is slightly conical inside and, at the last mm. of its upper 

end, just freely fits the container at the point where the latter begins 

to taper. The inside of the guide tube at its upper end, as well as 

the container, are polished ; and as there is no side thrust on the con- 

tainer, friction between it and the guide tube is virtually zero. More- 

overt, Owing to its tapered upper end, the container is absolutely free 

after the first mm. of its fall. 

The plate e is firmly attached to the brass axle g by 4 screws. 

The axle has smaller end bearings pulled firmly upward against in- 

verted V bearings by the stiff spring h. This spring also holds up 

both loaded containers with a safe margin to spare. Thus the mount- 

ing of the axle g is like that of a transit instrument inverted, and 

there is no lost motion in its bearings. 

When it is desired to leave the containers free to fall, the starting 

mechanism shown in Plates II. and III. is tripped and the plate e, 

common to both containers, is jerked suddenly downward and then to 

the right by the rod i, much faster than the containers can follow by 

gravity. This is because the starting lever and weights at its right- 

hand end fall some distance and acquire considerable velocity before 

taking up the slack in the link at the lower end of rod 1. 

The guide tubes f and the mechanism of plate e are mounted on 

separate brass cradles very firmly screwed to the heavy cast-iron plate 

y. Hence any jar due to the sudden jerking downward of plate e 1s 

not directly communicated to the guide tubes. 

Fig. 4 is a plan and side elevation of the receiving target mecha- 

nism shown in Plates IV. and V. The targets / are of spring-tem- 

pered steel .72 mm. thick, and very firmly screwed to the axle m, with 

their centers 3.2 cm. apart. The axle m is made of strong but light 

aluminum alloy to reduce its inertia, because it must start a partial 

revolution very suddenly when the targets are struck by the falling 

containers. The axle turns in inverted V bearings at its ends, like 

those of the dropping mechanism already described, and is held up 
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in its bearings by the soft spring m, which also holds the targets 

against the leveling screws 0. These screws are adjusted to bear 

with about equal pressure against the springy targets, and require no 

further attention. 

All the target mechanism is carried in a brass cradle p, which fits 

closely and accurately against the machined vertical surface of the 

cast-iron plate r, to which it is snugly but movably held by the screw s 

and a stiff spring washer. The screw s is seated in the end of a brass 

gudgeon securely anchored in the iron plate, and accurately fitting a 

boring in the cradle, so that the cradle may be slightly rocked on the 

gudgeon without any lost motion at that point. 

The right-hand end of the cradle p (as seen facing it) is adapted 

to be slightly raised or lowered by a tangent-screw below, opposed by 

a stiff flat spring above, so as to adjust the relative level of the right 

and left targets. The tangent-screw has a capstan head and long lever 

for fine adjustment, seen in Plates IV. and V. 

As the targets are elastic and their relative motion but a fraction 

of a mm., it is entirely practicable and highly convenient to mount 

them on one axle common to both, as shown. 

The targets are strongly tapered at their free ends to make eee 

as light as practicable, and thus reduce the shock of impact when the 

falling containers strike them. To this end also, “ shock-pads”’ be- 

tween the targets and lower terminal studs of the containers are 

always used. Without these pads the striking parts would soon be 

battered out of shape. 

The most satisfactory kind of “ ‘ shock-pads ” are small thin discs 

t of soft lead about half a millimeter thick. As these pads can be 

used but once, they are made in quantities of a thousand or more, of 

accurately the same thickness, by punching them from sheets rolled a 

little thicker than the finished pads, and then putting them through 

the rolls, set a little closer, at the same point on the rolls, one at a 

time. This gives the pads a slightly oval shape, and such uniformity 

of thickness that no differences can be detected with a delicate 

micrometer caliper. It is essential that the “ shock-pads ” be care- 

fully placed so that impact of the container studs shall be at their 

centers. 
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u indicates a falling container about to strike its target, with a 

shock-pad ¢ interposed. The force of impact is from 5 to 6 kg., as 

found by comparing the imprints on the pads with others produced 

by static pressure ; and the impact varies but little with large changes 

of load in the containers. With earlier and heavier targets the force 

‘of impact reached 18 kg. 

Near its extreme tip each target has a large platinum rivet or inset 

dressed flush with its upper surface, and on which the pointed plati- 

num wire v rests, making the electric contact which, when broken, 

shows the spark. Each platinum wire has a light aluminum carrier y, 

adapted to be knocked downward and sideward out of the way by the 

container u after the sparking contact has been broken by the very 

sudden downward motion of the target. At the instant of breaking 

either contact its independent point carrier is held virtually Stafecneney. 

by its own inertia, 

Buffers of thick white felt, seen in Plates IV. and V., arrest the 

very rapid motion of the carriers and targets; and the latter are pre- 

vented from returning by a spring catch (not seen). 

The dotted lines indicate the wiring and path of the electric cur- 

rent through the target sparking contacts in series. One of the con- 

tainers is marked with a white spot at the top for identification. 

Thus far the performance of this apparatus has proved quite trust- 

worthy and very satisfactory. Since installation of the targets above 

described the two containers, loaded, have been dropped more than a 

thousand times, and there has been no marked irregularity of action 

or sign of failure in any part. 

Each container weighs about 31.5 grams, and their loads may vary 

from about 30 grams in the case granulated aluminum filling one of 

them to 2 or 3 times that much in cases of heavier metals. And, of 

course, both containers are never filled because of differences in vol- 

ume of their equally heavy loads, as, for instance, in the comparison 

of granulated aluminum and lead sawdust, or both metals in the form 

of cylindrical castings. Unequal air displacement is of no conse- 

quence even if it were necessary to make the loaded containers exactly 

equal in weight, because the inclosed air is a part of the load. But | 

close equality in weight is not necessary; an intentional difference of 
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1 per cent. did not materially affect the result when tried. Yet their 

weights are always made equal within 3 or 4 mgs. because it is so 

easy to-do this. 

In using the apparatus the procedure is as follows: The target 

levels having been approximately adjusted as already indicated, or 

left so from a previous experiment, the containers, loaded with equal 

weights of the substances to be compared, say lead and tin tor in- 

stance, are simultaneously dropped and the bright spark at the right 

or left target is noted. For convenience the sparks are viewed in a 

diagonal mirror. Then the containers are reversed in position, the 

former right one now being the left, and dropped again, the location 

of the spark being noted as before. This is repeated several times 

for confirmation. 

In the case of lead and tin, as above, the container loaded with 

lead will produce the spark every time, alternately at the right and 

left target, even when the target levels are not closely adjusted ; clearly 

showing that the lead-loaded container falls faster than the other and 

reaches its target first, whichever target that may be. 

In the earlier experiments it was customary to exchange the loads 

in the containers after a set of trials as above, and go through the 

procedure again, as a check against difference in behavior of the con- 

‘tainers. But no difference was observed. 

When two similarly behaving substances are compared, such as a 

cast lead cylinder and an equal weight of lead sawdust, no delicacy of 

target adjustment will make the spark consistently favor either con- — 

tainer. And when the adjustment is very close, minute sparks may 

occasionally appear simultaneously on both sides. In such a case of 

close adjustment a very slight change of relative target levels is suffi- 

cient to give a large preponderance of sparks to one side. Thus, if 

either target is raised by the tangent-screw so little as a two hundredth 

of a millimeter, it will become the sparking target, now getting a large 

majority of the sparks. Possibility of such fine adjustment is cited 

to show the high sensitiveness of the apparatus. 

When container velocities differ considerably, say one part or 

more in 50,000, that fact is demonstrated in a few minutes; and 

approximate measurement of the difference is made as follows: A 
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small disc of hard-rolled paper is placed on one target under the lead 

“ shock-pad ” which is to be struck by the slow container at the next 

dropping, and this is repeated several times, with reversals of con- 

tainers as usual, until it is demonstrated that the paper is too thick or 

too thin to bring about simultaneity of target striking. Then, as may 

be indicated, thicker or thinner paper discs are tried; and so on, until 

the right thickness is found, or as is usually the case, until the right 

thickness is demonstrated to lie between two of those tried, which 

may differ only .01 or 02 mm. ‘Then the right thickness is estimated, 

often nearer one than the other as the sparks may indicate. Paper 

discs are used (only once) because their weight is negligible and they 

are easily prepared. 

Such a measurement of relative velocities of the containers at- 

tained during the half second of their fall may require 30, 40, or 50 

droppings, depending on luck in choosing thicknesses of paper for 

trials. But considerable aid is furnished’ by the character of the 

sparks, which grow less bright as simultaneity is approached. The 

probable error in such measurements need not exceed .01 mm. or one 

part in 122,000. 

Inasmuch as the substances whose accelerations are being com- 

pared ‘constitute much less than the whole weights of the loaded con- 

tainers, measurements as above obtained must be corrected (in- 

creased) to allow for the containers which take no part in the differ- 

ences observed. 

Of the several metals thus far rather carefully compared, lead is 

the fastest in falling; then come bismuth, fusible alloy, perhaps zinc, 

tin, and aluminum in the order named. Zinc is uncertain in location 

because its velocity seems to vary considerably with its physical con- 

dition, as will appear. 

The difference in velocity between lead sawdust and granulated 

aluminum was found to be something like one part in 10,000; and an 

aluminum casting, filling the container, was considerably slower still. 

The difference in behavior of the aluminum loads may be caused 

by physical condition, or by eddy currents in the long and highly © 

conducting casting, due to its accelerating motion through the earth’s 
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magnetic field. Undoubtedly eddy currents are always set up in the 

highly conducting aluminum containers; but as these fall through the 

same field and are equally conducting, no observable difference in 

retardation has been found; and probably.generation of eddy currents 

is confined to the shells of the containers. Of course, such currents 

can not occur in granulated metal or sawdust. 

To test the effect of dropping the loaded containers through a 

distorted magnetic field, a rather feeble bar magnet 24 cm. long was 

placed horizontally in the plane of the falling containers with its 

nearer pole 10 cm. to the right of the center of path of the right-hand 

container, and about three fourths of the way down that path. Un- 

equal retardation of the containers was quite apparent. But the 

effect of this was wholly eliminated by raising the right target about 

.01 mm., after which all went on as before. 

The diagram of the sparking circuit in Fig. 4 shows there must be 

two equal fields just above the targets, through the adjacent edges of 

which the lower ends of the containers fall. But these fields are quite 

symmetrical, and being of the same polarity tend to repel and neu- 

tralize each other, so that no unequal disturbing effects can arise. 

Pure amorphous iron, reduced by hydrogen, in one of the con- 

tainers, which must have distorted locally and greatly the earth field 

through which it fell, behaved much like tin, though this probably 

does not indicate its proper position in the scale. 

It has been very gratifying to find that massive cylinders of metal 

in firm contact with the brass studs of the containers are not neces- 

sary, and this greatly extends the field of usefulness of the apparatus. 

Thus a cast lead cylinder and an equal weight of lead sawdust showed 

no difference in behavior. And the same was true of bismuth and 

bismuth sawdust; though different specimens of commercial bismuth 

behaved somewhat differently. Tin and tin sawdust were nearly 

alike. But the case was quite different with zinc. Several specimens 

of zinc sawdust from the same slab of electrolytic metal, but made at 

different dates, with saws of different coarseness, and with purposely 

different forcing or brutality of sawing, gave considerably different 

results. Only one of these behaved like a zinc casting. Two of the 

sawdust specimens, rather largely different in behavior, were taken 
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from the containers, put in test tubes, and heated in a muffle furnace 

several hours to 320 degrees C., then allowed to cool with the furnace. 

Their difference in behavior was but little changed. 

From the above experiments with zinc, it seems highly probable 

that physical condition has much to do with mass-weight relation in 

that metal. And it is believed that this accounts largely, if not wholly, 

for the puzzling experience with zinc and bismuth cylinders used in 

the earliest experiments, and alluded to near the close of last year’s 

paper. Thus the earliest targets were much heavier and more rigid, 

and their battering action on the cylinders in the containers was great. 

The superior speed of the bismuth was well marked at first, but after 

many trials gradually disappeared. Then after some weeks of rest, 

during which new and better targets were installed, the bismuth was 

fast again, but only for a time. This occurred repeatedly. 

A lengthy course of very careful experiments strongly tended to 

show, but not conclusively, that bismuth, under certain conditions of 

repeated strong shock, changed in weight appreciably; but further 

shocks often changed it back again, or even reversed the sign. 

For many years. there has been a general belief that the classical 

experiments of Edtvos demonstrate the general proposition that mass- 

weight ratio is the same for all substances, and that the slight depar- 

tures found must be due to experimental errors. Eotvds assures us © 

that mass-weight ratios of brass, glass, antimony, and cork differ less 

than 1/20,000,000; and glass and air less than 1/100,000. Professor 

H. A. Wilson, by the same method,’ finds that bismuth and aluminum 

differ less than 1/1,000,000. 

The theory of the Eotvos experiment, as I understand it, is as 

follows: The centrifugal force of the earth’s rotation acts on matter 

in a direction normal to the earth’s axis; this is mass action. But the 

far greater and opposing gravity action is toward the earth’s center. 

The angle between the two forces is measured by the latitude of the 

place of experiment. The resultant of the two forces acting at an 

angle is a small horizontal component in the direction of the equator. 

This is generally recognized as the cause of the earth’s oblate figure. 

If, now, we have a tension pendulum with a long and very fine 

5 Phys. Review, N. S., Vol. XX., No. 1, July, 1922. 



BRUSH—KINETIC THEORY OF GRAVITATION. 89 

wire or quartz filament suspension, and short horizontal arms loaded 

at their ends with two small bodies having different mass-weight 

ratios, the one having the greater mass ratio will have a very small 

residual horizontal component acting toward the pole. If we start 

with the two bodies in an east and west direction, this minute residual 

force will tend to twist the suspension wire, and the amount of tor- 

sion can be read by mirror and scale forming integral parts of the 

apparatus, when the whole is revolved 180 degrees about a vertical 

axis ; which is the same thing as exchanging the loads. (Of course, 

this procedure will double the real angle of torsion.) 

The E6tvd6s method, while beautiful in theory, appears to be al- 

most wholly barren of affirmative results. Perhaps this is due to the 

fact that in it there is no real acceleration—acceleration in the sense 

of changing velocity and changing momentum. 

In the pendulum experiments, however, there is real acceleration, 

alternately positive and negative. As I view the matter, this means 

alternating absorption and restitution of free energy of the ether, the 

sort of energy acquired by falling bodies. But the rise and fall of 

the bobs is small, and being greatly restrained, is slow in time, so that 

manifestation of mass-weight differences is much restricted. 

But in the free-fall experiments described in the present paper the 

accelerating action of gravity is unrestrained, and manifestation of 

mass-weight differences becomes comparatively very strong. 

CLEVELAND, OHIO, 

April, 1923. 



THE EXPLORATIONS OF THE AMERICAN MUSEUM OF 

NATURAL HISTORY IN CHINA AND MONGOLIA. 

By HENRY FAIRFIELD OSBORN. 

(Read before the Philosophical Society April 20, 1923.) 

Roy Chapman Andrews, leader of the Third Asiatic Expedition 

of the American Museum of Natural History, was prepared for his 

very responsible task by several preceding years of exploration in 

China. The territory he explored in 1922 had been crossed by 

Raphael Pumpelly in 1862-65; by Obrutchev in 1892-1894, who 

applied the name “Gobi Series” to the later sediments; and by 

Chernov in 1908. Similar territory farther south was crossed also 

by von Richthofen in 1877, and it was he who gave the name Khan- 

Khai beds to the later sediments found in the desert region. The 

underlying series, from the Jurassic downwards, as developed in 

China, had been described by von Richthofen and later by Bailey 

Willis in his “ Researches in China,” 1907. | 

The geologic personnel of the Expedition included Charles P. 

Berkey as Chief Geologist; Frederick K. Morris as Geologist and 

Topographer; Walter Granger as Vertebrate Paleontologist. The 

entire personnel under Leader Andrews included a party of twenty- 

five, eight Americans, eight Chinese, nine Mongolians. By means of 

a train of seventy-five camels and two freight and three light auto- 

mobiles, a three-thousand mile reconnaissance was made, as indicated 

in the accompanying map, between April 18 and September 20, 1922, 

when the party returned to Peking. The work was greatly aided by 

the Geological Survey of China, now under the management of Dr. 

V. K. Ting, Honorary Director, and Dr. W. H. Wong, Acting Di- 

rector, with headquarters in Peking. 

The itinerary of the party and series of fossil field discoveries are 

briefly stated by Professor Berkey as follows: 

Left Kalgan April 21. 

Went into camp at Iren Dabasu after finding rhinoceros jaw evening o 

April 24. 
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First dinosaur bones found at Iren Dabasu morning of April 25 by Berkey 

before breakfast. —— 
Camp was divided April 25, leaving the geological group, Morris, Granger, 

and Berkey, at Iren Dabasu, giving special attention to the collecting of fossils. 

First finds of Titanotheres and other Early Tertiary fossils by Granger at 

Irdin Manha April 27. 

Additional finds made at Irdin Manha by the geologic group May 2. 

First Baluchitherium bones found at Houldjin, in the vicinity of Iren 

Dabasu, April 30, by Berkey. 

Geologic group stayed at Iren Dabasu until May 7, making a map and col- 

lecting fossils. 

Basin later referred to as Tsagan Nor Basin was entered first at Mt. Uskuk 

June 21 by the whole party. 

First exploratory trip to Loh June 22 by the geologic group, with recovery 

of a few fragments of bones. 

Discovery of dinosaur bones and fossil insects and fossil fish June 25 in the 

Ondai Sair locality by Berkey and Morris. 

Great collection of Later Tertiary fossils (judged to be of Miocene age) 

made by Granger and party at Loh in the Hsanda Gol formation, June 27- 

August 3. 

Discovery of Baluchitherium skull at Loh August 4 or 5 by Granger and 

Wong. 

Discovery of Stag, Mastodon, etc., judged to be of Pliocene age in the 

Hung Kureh District July 27 by Berkey. Whole group made collections later. 

Left the Tsagan Nor Basin August 13. 

Discovery of Dinosaurs in the Ashile District by Granger August 20-27. 

Side trip to the Gurban Saikhan across a new basin by Morris and Berkey 

August 19-27, with recovery of a few fragments of bones. 

Discovery of Protoceratops by Shackleford at Dja-doch-ta September 2. 

Additional collections by the whole party. 

Discovery of Paleozoic strata with Permian fossils September 7 in the Sair 

Usu District by Berkey and Morris. 

Discovery of Ardyn Obo fossil-bearing beds of Miocene age September 10. 

Collections by the whole party. 

Discovery of Eocene forms in the sedimentary beds of Shara Murun by 

Granger and Andrews September 14. 

Discovery of fragments of bone in the sediments at the edge of the Mon- 

golian plateau above Kalgan by Berkey September 19. 

The geologic party found a Great Unconformity separating the 

folded sediments of Jurassic and earlier time from all of the desert 

basin sediments. Even before the Jurassic Period the marine sedi- 

ments of the roof of the world had ceased. Through the Jurassic 

and also above the Great Unconformity the sediments are entirely 

epi-continental. The series underlying the Great Unconformity 

from the Archzan to the Jurassic have been recognized by Willis in 
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China, and that pioneer work was a great help to the geologists of 

the Expedition. The Nan-K’ou Series of China seems to be con- 

tinued across Mongolia. A great bathylith was found invading these 
older metamorphic rocks and is extensively exposed by erosion. It 

is on this complex erosion floor that all of the later strata were laid 

down, some of which were again swept away in the Post-Jurassic 

erosion interval. The Later Mesozoic and Cenozoic sediments of 

Mongolia lie upon the peneplaned surface of this complex of old 

deformed rocks with its Great Bathylithic Invasion. 

This is a wide contrast to conditions in the Rocky Mountain 

Plateau region of America, where marine sedimentation continues to 

the very close of the Cretaceous and the Tertiary sediments overlie 

either the Cretaceous or the Jurassic. 

On reaching the confines of Mongolia, Berkey and Morris began 

a systematic and continuous route map and geologic cross-section 

which was carried throughout the whole itinerary. These studies 

early in the work determined the major structural and formational 

units and located the major unconformities and other physical 

changes. The great Post-Jurassic Unconformity, the Pre-Jurassic 

Unconformity, the lesser Post-Cretaceous Unconformity, and the 

Great Bathylithic Invasion were one after the other definitely distin- 

guished. Above the Great Post-Jurassic Unconformity ten new for- 

mations were thus differentiated and more or less clearly distin- 

guished from each other by their vertebrate remains, on which deter- 

minations were made by Granger; four of these are in the Creta- 

ceous, two at the confines of the Eocene and Oligocene, three in the 

Miocene, one in the Pliocene. 

SUMMARY OF FOSSIL-BEARING FORMATIONS DISCOVERED. 

Petia... £55 cues wmew eyes with marine invertebrate remains. 

eS raSSie. ss vs a ence eae wee with plant remains. 

1 Lower Cretaceous........... including the Dja-doch-ta Proto- 

ceratops Zone. 

3 Cretaceous with more precise including the Iren Dabasu and the 

position not yet determined... Ashile Dinosaur beds, as well as 

the Dinosaur and insect-bearing 

beds of Ondai Sair. 
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1 Upper Boceie sc ee on cess Protitanotherium Zone. 

L ‘Lower Oligocene. 2.5 6s. iss (exact relations not yet deter- 

mined. ) 

2 Middle Miocene... . dh as Baluchitherium Zone. 

ES DEIOOOE, 5 eas a tikeaa > eps ee not yet accurately related by fossil 

determinations. 

REP ROCENG, 5 + sien vince a ce the Hung Kureh Cervus Zone. 

1: Pleistocene... <6. sea ee an erosion epoch. 

The only precedent to this reconnaissance in the geologic history 

of the arid regions of the world is to be found in the early surveys 

of our own western territories by Hayden as geologist and chief, 

Holmes as topographer, and Leidy as vertebrate paleontologist. 

AMERICAN Museum or Naturat History, 

New York. 



CONTACT METAMORPHISM IN THE WESTERN 

ADIRONDACKS. 

By WILLIAM M. AGAR. 

(Read April 20, 1923.) 

This paper attempts to establish the origin and geological relations 

of certain minerals of northwestern New York. The literature con- 

tains many purely mineralogical descriptions of these minerals, so 

that the question of crystal forms, etc., has not been touched upon. 

The region examined lies on the northwestern edge of the Adiron- 

dack Plateau of northern New York State, west of the heavily for- 

ested area, between latitudes 44° 15’ and 44° 35’; and longitudes 75° 

and 75° 45’. It is contained within the limits of St. Lawrence, Jef- 

ferson, and a corner of Lewis counties, and includes parts of the 

following quadrangles: Hammond, Lake Bonaparte, Gouverneur, 

Russell, and Canton. 

The field work was done during the summer of 1920, and the data 

collected then were studied during the two following winters. 

The writer is greatly indebted to Professor C. H. Smyth, Jr., 

under whose direction and supervision this report has been prepared ; 

to Professor A. H. Phillips, for two complete analyses, and for his 

help in discussing mineralogical details; and to Professor A, F. Bud- 

dington, whose assistance and suggestions, both in the field and in the 

laboratory, have been invaluable. 

The writer was further assisted in the quest for mineral localities 

by directions furnished by Professor Smyth, and by a copy of the 

manuscript of C. D. Nims, lent to Professor Smyth by the late Pro- 

fessor A. H. Chester, of Hamilton College, Clinton, New York, and 

later of Rutgers College, New Brunswick, New Jersey. C. D. Nims, 

of Philadelphia, New York, was the chief collector of minerals from 

these localities for many years in the late nineteenth century, and 

furnished many of the specimens from northern New York which are 

now in museums throughout the world. 

It was found that most of the old localities were either impossible 

95 
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to find or were so robbed of the better material that little of value 

from a mineralogical viewpoint could be obtained ; but these, coupled 

with many-new exposures in the Oxbow district, served to disclose 

fie geological relations. 

All of the minerals collected, excepting the micas, were deter- 

mined by measuring the index of refraction by immersion in oils of 

known index. A set of oils was made up with indices differing by 

.005, and the indices of the minerals, except where stated as approxi- 

mate, have been run down to a value between those of the nearest two 

oils. The oils were standardized frequently. When an exact deter- 

mination was required, as those accompanying the analyses of a 

mineral, an oil was found whose index exactly matched that of the 

mineral, and this oil was determined directly on an Abbé Pulfrick ~ 

Total Refractometer. Following E. S. Larsen,* the limit of accuracy 

of this immersion method is placed at + .003. When an accurate 

determination was not made, as in some of the darker minerals or 

those which are considerably weathered, the index is only approxi- 

mate. Even these are believed to be within + .005 of the true value. 

It has been found that a crushed mineral, such as a pyroxene, an 

amphibole, or a felspar, will break so as to give the highest and lowest 

index with little searching in each microscopic mount. A half a 

dozen immersions will usually suffice to give the maximum and mini- 

mum values—as shown by the magnitude of the double refraction. 

SUMMARY OF THE GEOLOGICAL HIstTory OF THE REGION. 

The rocks of this region, with the exception of small remnants of 

the Potsdam sandstone capping, are Pre-Cambrian. 

The oldest recognizable member of the Pre-Cambrian is a sedi- 

mentary series, the Grenville, composed originally of limestones, 

shales, and sandstones, which have been changed to coarsely crystal- 

line marbles, quartzites, and various schists and gneisses, by intense 

metamorphism. 

Though these sediments must have been deposited on a previously 

existing floor, no remnant of it has been discerned, so that the base 

1 Larsen, E. S., “The Microscopic Determination of the Nonopaque Min- 

erals,” Bull. 679, U. S. G. S. 
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of the series is not known. Likewise its upper limit is nowhere to be 

found, as several thousand feet must have been eroded in order to 

expose the coarsely crystalline intrusives which outcrop at the present 

time. The stratigraphy of the Grenville is further masked by the 

ease with which the limestone members recrystallize, but there is 

evidence of considerable folding in the northwest area at least. All 

that can be said of the series at present is that it has suffered con- 

siderable distortion and is several thousand feet thick. 

After the beds which form the present-day land surface had be- 

come buried under a vast accumulation of later sediments, they were 

subjected to metamorphism on a regional scale, and were invaded by 

a series of igneous intrusions. The intrusions came in in two general 

groups of widely different age. 

The first of these groups consisted of a gabbro—now completely 

altered to amphibolite—followed by a red to gray, medium-grained 

granite-gneiss, correlated by Cushing * with the Laurentian granite. 

This rock exists as batholiths and stocks. It is partially granulated 

and variably gneissoid, and is accompanied by a number of acid 

pegmatite dikes which cut it and the surrounding rocks. It holds 

many inclusions of the Grenville series. 

The second group of intrusives consists of the Anorthosite- 

Syenite-Granite-Gabbro series, which forms the main mass of the 

Adirondack Pre-Cambrian. The first of these, the anorthosite, so 

well developed in the east, does not appear in the region under dis- 

cussion. The augite-syenite, with its acid border phases and quartz 

pegmatite dikes, followed next. This is a thoroughly gneissoid 

syenite with considerable variation in texture. It occasionally shows 

evidence of assimilation along its borders, and in some places has 

exerted considerable contact metamorphism where it cuts the lime- 

stone. This syenite is represented in the southern part of the region 

here discussed. 

At a still later date, or possibly as a border or outlying intrusive 

facies of the syenite, a red porphyritic, biotite granite, accompanied 

by granite and pegmatite dikes, was intruded. These latter were 

2 Cushing, H. P., “Age of the Igneous Rocks of the Adirondack Region,” 

The Amer. Jour. Sci., January-June, 1915, 4 (39), p. 288. 
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accompanied by great quantities of mineralizing solutions, as shown 

by their containing considerable amount of tourmaline. They fre- 

quently pass out into quartz-tourmaline veins and dikes, which are 

associated with the greater part of the development of contact min- 

erals in the region. 

The last, like the first, of the Pre-Cambrian intrusives is a gabbro. 

It is the least metamorphosed of any. They have all undergone 

pressure of greater or less intensity and are, consequently, somewhat 

foliated. They are not nearly so thoroughly metamorphosed, how- 

ever, as the Grenville. 

These intrusions were followed by a long period of erosion, which 

stripped much of the overlying cover from the present-day surface. 

Late in Pre-Cambrian time came renewed igneous activity, which is 

now shown only by completely unmetamorphosed trap dikes. Any 

signs of surface volcanism which may formerly have existed were 

removed, along with the remaining cover, during the period of erosion 

which persisted to the end of Pre-Cambrian time and into the early 

Cambrian. 

The later history of the region does not concern the phenomena 

under discussion, excepting as the Paleozoic cover prevented the fur- 

ther wearing down of the surface, and the Pleistocene ice cap helped 

to mold the present-day topography, which is nearly identical with 

that which was submerged under the Upper Cambrian seas. The 

fragmental remains of the Potsdam sandstone cap, which has not 

been completely removed from the region, shows that little erosion 

can have affected the underlying surface excepting that of the very 

latest period. 

The surface is very rough, but the differential elevations seldom 

attain to more than 50 or 100 feet, and are usually considerably less. 

The intrusives form ridges and flat or slightly dome-topped uplands, 

which are heavily wooded or burned, untilled land; and the limestone 

lies under the cleared and cultivated valleys. Rock outcrops are 

everywhere exposed excepting in small areas of recent alluvium and 

drift, and in regions underlying the numerous swamps. 

The cleared fields are full of elongated knobs and small ridges of 

limestone and igneous rocks. Plate VI (4) shows the characteristic 
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grazing land in the granite-limestone area in the vicinity of Oxbow 

in the Hammond Quadrangle. It pictures a series of ridges of peg- 

matite and silicated limestone, and the rough, uneven terrane. The 

limestone and the pegmatite are of the same gray-white color, and 

often can not be distinguished in the field at a distance of a few 

yards. Plate VI (B) shows a knob of impure limestone, with a well- 

cleared field in the middle distance, and a forest-covered ridge of 

intrusive rock in the background. Plate VII (4) shows the generally 

even character of the skyline, the peneplained surface of the Pre- 

Cambrian rocks, which, in spite of the roughness of the surface, is 

the most noticeable general feature of the district. ; 

DISCUSSION OF THE METAMORPHISM OF THE REGION. 

The region here discussed is characterized by complex meta- 

morphic phenomena. There has been a general dynamometamor- 

phism, followed at a later date by a series of intrusions of igneous 

rocks. Contact metamorphism on a regional scale, resulting from 

these intrusions, has been superimposed upon the older metamor- 

phism and makes it difficult to ascribe to each its proper importance. 

The coarsely crystalline character of the limestone, its similarity 

in regions of abundance or of apparent absence of igneous intru- 

sions, and the very general and thorough metamorphism of the 

accompanying clastic sediments, demand a general alteration of the 

series as a whole. 

It will be shown, further, that the contact metamorphism is not 

confined to alterations along the contacts, but is often distributed 

over areas at a distance from any visible contact. It is quite pos- 

sible that intrusion into a series under heavy load, with the conse- 

quent increase of both temperature and pressure where heat and 

vertical stress already exist, would bring about a general recrystal- 

lization such as that called by Daly (‘‘ Metamorphism and its 

Phases,” Geol. Soc. of America, Bull. 28, p. 375, 1917) “ Load Con- 

tact Metamorphism”; but it would seem as though such effects 

should be to some extent localized, even as the development of 

contact minerals is localized. 

The contact metamorphic effects dealt with are of three varieties. 
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A. Typical grazing land in the vicinity of Oxbow. 

B. Cleared limestone valley and wooded ridge of granite. 
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First, there is the formation of completely altered bands, several 

inches thick and of no great lateral extent, immediately adjacent to 

the contact. In such cases the intrusive rock shows marked endo- 

morphic effects. Secondly, there is the formation of irregular pockets 

of contact minerals at the contact or well out in the body of the lime- 

stone. These two types are connected by many intermediate grada- 

tions. Lastly, there are the fine disseminations of contact minerals 

over large areas of the limestone without any visible connection with 

an intrusive. There are also many miles of contact with little or no 

‘development of contact minerals. 

Besides the phenomena described there is a border of amphibolite 

and garnet gneiss partly surrounding many of the intrusions of the 

Laurentian granite-gneiss. One of these in the Canton Quadrangle 

was interpreted by Martin * as being due to an accident of intrusion 

into a bed of this character, but the number of masses of Laurentian 

granite with such borders now known to exist in the region necessi- 

tates a causal connection. They are considered as having a contact 

metamorphic origin, but are not described in this paper. Attention 

is paid only to the scattered contact metamorphic effects of the por- 

phyritic granite in the Hammond and adjacent quadrangles, those of 

a diorite at Rossie, and of the syenite in the neighborhood of Natural 

Bridge. 

Great difficulty was experienced in gathering any exact quanti- 

tative data because of the scattered nature of the contacts. There 

are no halos of diminishing metamorphism, no outer and inner zones 

to furnish samples at definite distances from the intrusive and to 

show time relations, etc., as so often described in cases of contact 

metamorphic ore deposits of later geological date. Instead of this, 

the whole area is underlain at no great depth by intrusive rocks. 

These project through the limestone in a variety of forms, and cut it 

into long belts and irregular isolated patches. At a distance of one 

hundred yards from any one contact it is usually impossible to say 

what particular exposure of granite or pegmatite may have affected 

the limestone. Further to the southeast, in the higher land, erosion 

3 Martin, J. C., “The Pre-Cambrian Rocks of the Canton Quadrangle,” 

New York State Mus. Bull. No. 185, Albany, 1916. 
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has stripped off the sedimentary cover and the igneous rocks are 

everywhere exposed. In the area under discussion, it must always 

be borne in mind that an igneous rock is very likely nearer to the 

observer in a vertical than in a horizontal direction. 

The problem then resolves itself into a matter of linking a par- 

ticular set of metamorphic phenomena to a certain type of intrusive 

or series of intrusives; to an accurate description of the various local 

developments of metamorphic minerals; and to the presenting of 

evidence bearing upon the question of recrystallization and the addi- 

tion of foreign material. 

Contact metamorphism is here taken to mean all those changes 

produced in the limestone country rock resulting from the intrusion 

of igneous masses, whether by simple recrystallization or by the addi- 

tion of magmatic substances, or both, together with accompanying 

changes in the igneous rocks themselves. . 

It is generally recognized now that the contact metamorphism of 

a limestone involves not only a rearrangement of the materials already 

present in the rock with the formation of new minerals, particularly 

silicates rich in lime and magnesia, and with the elimination of carbon 

dioxide, but also an addition of material from the magma, and conse- 

quent further formation of new minerals. It is only rarely that the 

relative importance of these two sources of new minerals can be 

quantitatively stated, but the present tendency is toward assigning a 

greater role to the addition of magmatic material and to reactions 

between the intrusive and the country rock. 

It is recognized that the materials in an igneous rock represent 

only a part of the components entering into the composition of the 

magma from which the rock is formed. Active volcanoes, fumaroles, 

and lava streams prove the presence of immense quantities of steam 

and gases in a magma. ‘The volatile constituents, water, silicon, 

chlorine, fluorine, phosphorus, sulphur, etc., will escape as the magma 

approaches the surface,.and the pressure becomes less. 

In an area such as this, underlain by intrusives and intersected 

by numberless dikes, sills, and veins of pegmatite, and dikes and veins 

of quartz, containing tourmaline, chondrodite, apatite, and some 

fluorite, there is evidence of sufficient available magmatic material te 
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account forall the contact phenomena. The limestone, where not 

impregnated with obviously pneumatolytic minerals, is a dense, crys- 

talline marble with interlocking grains of calcite, a variable percentage 

of magnesia, and very rare scattered crystals of phlogopite, diopside, 

and tremolite, besides flakes of graphite. The mineralized areas fol- 

low no bands, such as to suggest an originally impure limestone, but 

occur in irregular fashion. Thus the limestone appears to have lacked 

the impurities necessary to produce the existing silicate aggregates 

by mere heat together with the original moisture content of the rock; 

and the formation of contact minerals must, therefore, have been 

due to additions from the magma. 

Lindgren (“ Mineral Deposits,” p. 713) says: “ The hot intru- 

sive, whether molten or just consolidated, and the adjacent cooler 

limestone, form a system in which, by means of gases, there will 

usually take place a vigorous exchange of material. Most of the 

exchange will take place at the cooler side, but the intrusive will also 

receive material, perhaps mainly carbon dioxide and oxides of cal- 

cium and magnesium, from the sediments.” Such endomorphic ef- 

fects are very common in this region, and occasionally occur to the 

_ practical exclusion of exomorphism. 

The depth of formation of the contact minerals is hard to deter- 

mine. Lindgren (op. cit., p. 723) concludes that many contact meta- 

morphic deposits are formed at less than 3,000 feet below the surface. 

Actual figures can not be given in this case; but the lack of any fine- 

grained border to the intrusives, even where no minerals are formed 

at the contact, suggests a heated condition of the limestone and con- 

sequent depth. It is shown, further on, that the absence of a contact 

zone along much of the border may be due in part to the lack of 

openings to afford a release of pressure and escape for the magmatic 

vapors which would also imply considerable depth. : 

At the height of contact metamorphism, the true contact silicates, — 

such as diopside and tremolite, together with spinel were formed. 

These conditions gradually lessened in intensity until serpentine, talc, 

and chlorite were formed at the expense of the earlier silicates. As 

evidence is presented to show that the contact silicates were formed 

through a rather wide range of conditions extending into the hydro- 
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thermal stage, it must have been near the end of this later stage 

before the same silicates became unstable and gave way to the altera- 

tion products. 

Necessarily these conditions overlapped from place to place. 

They are not measures of time, but, rather, of changing conditions, 

of which time is only one factor. 

The temperature of the formation of the minerals of the various 

contacts is impossible to state accurately. There seems, however, to 

have been some difference in the prevailing temperatures of the sye- 

nite and the granite contacts. Amphibole is found in the granite 

contacts almost as plentifully as pyroxene. It is generally regarded 

as formed at lower temperatures than pyroxene and in the presence 

of more aqueous vapors. None of the syenite contacts yielded any 

amphibole. Wollastonite occurs quite frequently in the syenite area, 

but is not found in any of the granite contact masses. According to 

Eskola,t where wollastonite is present the temperature during meta- 

morphism has exceeded a certain limit which varies with pressure. 

At atmospheric pressure it is about 500° C., and increases to about 

950° C. at 15,000 atmospheres. As quartz and calcite, in association, 

are more common than wollastonite, the conclusion might be drawn - 

that the metamorphism had occurred at temperatures generally below 

that of the quartz-calcite curve for the particular pressure involved. 

Eskola adds that it may be said that quartz has been added by 

hydrothermal processes later than the strongest metamorphism. This 

is true to a great extent in the granite area, but even there a great 

deal of quartz exists in the pegmatite dikes in direct contact with 

limestone. These dikes were connected with the greatest metamor- 

phism, but in many cases there is no development of metamorphic 

minerals, and in other places only calcium-magnesium silicates or 

quartz-tourmaline and recrystallized calcite. In the syenite region 

there is little or no quartz of a later generation than the mass of the 

metamorphism, and only the occasional development of wollastonite 

shows the variable temperature as well as composition of the mag- 

matic vapors. Wollastonite does not occur singly, but always in con-. 

4Eskola, P., “On the Petrology of the Orijarvi Region in Southwestern 

Finland,” Bull. de la Commission Geologique de Finlande, Avril, 1914, p. 160- 
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nection with a-caletum-magnesium silicate. While the formation of 

wollastonite or quartz-calcite depends upon temperature and pressure, 

the formation of the calcium magnesium or the pure calcium silicate 

depends upon the composition. After the available magnesia has 

been used up in the formation of diopside, wollastonite will form, 

provided the temperature is still high enough; if it has fallen below 

the quartz-calcite curve at that pressure, quartz and calcite will 

crystallize out. 

The available magnesia, outside of some which is introduced by 

the magma, is probably controlled more by the amount which the 

magmatic solutions are capable of absorbing during their passage 

through the limestone than by diffusion of magnesia toward the crys- 

tallizing material through the solid rock. N. L. Bowen® speaks of 

the limited radius through which diffusion can act freely even in a 

magma. Of course, in the present case, the time through which dif- 

fusion may act is not limited by the sinking of crystals, and the 

tendency shown in the partial analyses of the limestone, given further 

along (namely, to have a lower per cent. of magnesia in the calcite 

taken from among calcium-magnesium silicates than in that taken 

from more or less pure limestone), though far from conclusive, sug- 

gests that diffusion has taken place. In a like manner the presence 

of magnesia left over suggests a limit to the amount which can be 

taken up in this way. On the other hand, the passage of the vapors 

through long, narrow channels gives them a perfect opportunity to 

absorb considerable quantities of magnesia and other materials. 

DEscRIPTION OF LOCALITIES IN THE Oxspow DistTRICT. 

The best order in which to consider the minerals of this region 

might seem to be: (1) those which can be easily proved to be of 

contact origin because of their position with reference to intrusive 

contacts; and (2) those whose origin, as far as field evidence goes, is 

more obscure. But owing to the fact that the phenomena studied 

relate to three types of intrusives, it is thought best to describe each 

one as a whole. Furthermore, because the field evidence in the dis- 

trict about Oxbow in the Hammond Quadrangle, where the limestone 

5 Bowen, N. L., “ The Later Stages of the Evolution of the Igneous Rocks,” 

Supplement to the Jour. of Gceol., November—December, 1915, pp. 11-12. 
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is intersected by the porphyritic granite gneiss, some granite dikes, 

and a large number of pegmatite dikes, is such as not only to show 

the relation in space of the zones of greater and less mineralization 

to the intrusive, but also to tie the mineralization far from the contact, 

the quartz-tourmaline veins, the pegmatite, and the granite dikes defi- 

nitely to the intrusive, this district is taken first. Following this, the 

other districts connected with granitic intrusions are described, and 

finally the districts marked by the existence of the more basic intru- 

sives. Any reader wishing more precise directions for locating the 

following mineral occurrences than are given here is referred to the 

writer’s article, ““ The Minerals of St. Laurence, Jefferson, and Lewis 

Counties, New York,” in the Journal of the Mineralogical Society of 

America, Vol. 6, Nos. 10 and 11, for October and November, 1921. 

Tue Oxsow Districtr. 

The most interesting of the localities studied, both from the point 

of view of the variety and number of the minerals developed, and 

from that of the geological associations, lies in the south-central por- 

-tion of the Hammond Quadrangle (see Map 2). About four miles 

north of the village of Oxbow, roughly paralleling the creek which 

runs slightly north of west, south of the road between Scotch Settle- 

ment School and Rapids School, lies the southern extremity of an 

intrusive mass of coarse, porphyritic granite. The exposure of the 

granite runs off to the northeast, while south of it lies an area of 

limestone intersected by many dikes which have their origin in this 

granite mass, and which have given rise to extensive mineralization. 

This mineral region, which will be called the Oxbow district, 

forms a roughly oblong patch south of the granite boundary, east of 

the Indian River, and west of a line through Payne’s Lake and Yel- 

low Lake. Its southern limit is about at the zigzag east-west road 

one half mile south of the county line. 

The granite itself is a coarse, roughly gneissoid, porphyritic rock. 

Thin sections show it to be composed of strained and granulated 

quartz, variable amounts of microcline, microperthite, oligoclase, and — 

probably some orthoclase ; hornblende, and biotite, with apatite, titan- 

ite, and magnetite forming common accessories, tourmaline a rare 

accessory, and zircon a very rare one. 
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The biotite in the granite and granite dikes is partially altered to 

chlorite, while the hornblende and, where present in the dikes, py- 

roxene have undergone an alteration to serpentine along with the 

generation of calcite and hematite. 

The northern part of the area under discussion, just south of the 

granite boundary, contains numerous dikes of granite. These are, 

as a rule, slightly more acid than the main mass of the rock and are 

composed chiefly of microcline and granulated quartz, with small 

amounts of hornblende and mica drawn out into stringers, with titan- 

ite and occasionally tourmaline as accessories. They are everywhere 

accompanied by a certain number of pegmatite dikes. 

Southward the zone of dominant granite dikes passes into another 

one of mixed granite and coarse quartz-felspar pegmatite dikes and 

sills and, still farther south, the latter occur to the complete exclusion 

of the granite. Some of the large masses show a good transition 

between the granite and the pegmatite. One in particular shows a 

fine-grained tourmaline-bearing granite sill about 100 yards long, 

grading at several points into a coarse quartz-felspar aggregate simi- 

lar to the pegmatite dikes and sills. 

South of here the pegmatites continue to be very plentiful and, 

about half way down the area, mineralized zones are found. These 

increase in number until the southern part is reached and the pegma- 

tite intrusives thin out. Throughout the mineralized zone, pockets 

and disseminations of minerals are found in otherwise clear limestone 

at a distance from the intrusives as well as along the borders and in 

the intrusives themselves. Not infrequently the minerals are found 

beyond the exposed end of a sill or dike of pegmatite, or connected 

with a quartz vein parallel to, or at the end of, such a pegmatite. 

So from north to south within the Oxbow district we find granite, 

then limestone cut by predominating granite dikes, then mixed granite 

and pegmatite dikes, large quantities of pegmatites with some min- 

eralization, large quantities of pegmatites with maximum mineraliza- 

tion, and finally a dying out of the pegmatites with a considerable 

mineralization. West of the southern part of this area there are — 

large bosses of porphyritic granite, and south of it another mass of 

the same rock with its accompanying dikes and sills, and, in the cen- 
¢ 
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tral part of the area, there is a granite sill several hundred yards long 

and fifty yards or more wide; still the relations outlined above are 

clear enough when taken as a whole. 

A line followed across the center of the area, in a direction a little 

north of west and south of east, reveals the following relations. Just 

west of the Oxbow-Scotch Settlement School road there is a region 

of limestone which contains linearly arranged nodules and small scat- 

tered crystals of minerals, prominent among which are wernerite, 

chondrodite, and spinel, with brown tourmaline present, though rare. 

There are no signs of intrusives at this place; but one quarter of a 

mile to the west the level of this region descends abruptly to that of 

the marsh, about 80 feet below. At the base of this cliff several 

small dikes are exposed. West across the marsh there are no ex- 

posures. Beyond the marsh the level rises again, and for some 600 

feet there are only two exposed pegmatite knobs. These increase 

greatly toward the west, till about half way across the area a large 

mass of granite is encountered. ‘There is a little mineralization here, 

but the greatest amount lies to the south in line with the most marked 

development of dikes. 

Beyond the granite, to the west, the limestone is again dissected 

by numberless pegmatite masses, and is frequently intricately inter- 

grown by veins of quartz along with a little felspar. Tourmaline is 

very rarely seen in this last area, and the calcium-magnesium silicates’ 

are nearly totally lacking. 

So from east to west we find disseminated minerals with pegma- 

tites at a lower elevation immediately alongside (see Fig. 4), a cov- 

ered area followed by one with a few pegmatites, then an increasing — 

number of pegmatites with some mineralization, then granite, and 

finally pegmatites and limestone replaced by quartz, with little tourma- 

line and very few lime-magnesia silicates. A discussion of these 

relations will be reserved until after a description of the individual 

localities in this zone has been given. 

Reference to the accompanying map (No. 2) will show the loca- 

tion of the different occurrences described below. They are every- 

where referred to by numbers, which correspond to those on the map 

as well as to the labeled specimens from every locality. 
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69-K-1. On the east bank of the bed of the brook there is a dark, 

greenish-black rock which looks like an intrusive sill of basic com- 

position. At its down-slope edge there is a considerable development 

of silicates. The rock itself is about 30 feet thick and has apparent 

intrusive relations, but, according to the evidence of the microscope, 

is nothing but a completely altered bed of limestone. It is composed 

mainly of light green diopside and phlogopite, with tremolite and 

apatite as accessories. Next to it there is a less altered rock contain- 

ing only diopside and calcite. The diopside has grown out into the 

calcite and occasionally includes bits of quartz and phlogopite. 

Spread irregularly along this contact are crystals of green diop- 

side, deep brown hornblende, white marialite, and bronze phlogopite. 

There are many projecting knobs of pegmatite on the slope above this 

zone, and the limestone is more or less full.of mica and tremolite, 

besides the quartz and felspar of the pegmatites. 

The minerals : 

ae ig eaters ORE ae he Diopside. ...... ont 003} a == 027, ZAC uae 

ere 1636 2: OOSR 2 os —7J0 Hornblende. . . pede 2. 00357 a= 021; ZAc= 21". 

Phlogopite... . | BAF ob ‘0055? a = .041. 

oar see 1 555 eat ee Marialite..... oo4 ae 0035” « = 014. 

Apatite: 38 blue green, uniaxial, low biref. 

Tremolite..... a==1.605 + 005. Biref. high. ZAc=19°. 
White, fibrous, good prismatic cleavage. 

69-K-1-h. A few hundred yards south along the slope of the 

hill a large-sized dike of pegmatite intersects a fairly pure limestone. 

A few inches from the dike it contains tremolite, diopside, chondro- 

dite, and phlogopite. These are microscopic, with the exception of 

chondrodite and phlogopite. The latter is colorless from hydration 

and has lost its flexibility. Its indices of refraction are very low. 

y= 1.555 + .003. The indices of the chondodrite are as follows: 

a = 1.600 + .003; y= 1.627 + .003; y—a==.027. Pleochroism; 

white to yellow. 

The pegmatite dike is an aggregate of ciate and felspar. The 
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A. Surface of Pre-Cambrian peneplain, looking northwest from granite ridge 

B. Lower contact of pegmatite dike cutting limestone. Chisel on contact. 

69-K-2-a. See p. 20. 
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latter comprises microperthite, with a little microcline and very rare 

albite. The—microcline shows its characteristic gridiron-twinning 

structure. y==1.531 and a=1.521. Albite gives a < 1.531 < y. 

Some untwinned fragments may be orthoclase. 

69-K-2-a. At this point a knob of pegmatite projects out a few 

feet from the north side of a small valley. It does not appear on the 

hill above. The lower few feet of the dike show a marked concen- 

tration of green diopside with some brown tourmaline and pyrrhotite, 

now limonite. Interlaced fibers of tremolite and phlogopite, one to 

two inches long, lie at right angles to the contact over most of its 

lower extent (Plate VII (B)). This is surrounded by a greenish- 

white, massive diopside rock, containing pockets of blue-green apatite 

crystals, hydrated, white, octagonal crystals of diopside, and phlogo-' 

pite. The apatite is intergrown with the other minerals, but also 

occurs as inclusions in them. 

The upper contact is marked by only a very little tremolite and 

apatite. The limestone alongside of this knob of pegmatite shows 

concentrations of phlogopite and chondrodite. 

The minerals : 

Tremolite..... a ee = 003)” — °= 027, ZAc=21°. 

Phlogopite.... pale bronze to white, hydrated. Indices very 
low. y= 1.565 and lower. 

Chondrodite.. pale yellow brown. 
Apatite....... » = 1.634 + .003 er 

| ee 003; Uniaxial Cor 
Diopside...... white opaque, eight-sided crystals. Indices 

lowered by hydration. 
a = 1.606 + .005. 

y= 1.625 + .005. 
green-white, massive diopside. 

si Le 03,7 — 2 = 030, ZA\c=37°. 

69-K-—2-—b. Two hundred feet north up this valley a ten-foot- 

thick east-west pegmatite dike cuts the limestone under two maple 

trees. The dike is a crystalline aggregate of quartz-felspar and 

minor diopside. The felspar is mostly microperthite with grains of 

orthoclase whose indices are a = 1.520 + .003 and y = 1.525 + .003, 

and albite with a = 1.530 + .003 and y = 1.539 + .003. 

PROC. AMER. PHIL. SOC., VOL. LXII, I, OCT. I, 1923. 
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Alongside of the dike there are pockets of phlogopite five inches 

in cross-section, and apatite in hexagonal prisms one inch thick. 

Large hydrated diopsides occasionally accompany these. None of 

these minerals occur immediately along the contact, but are from one 

to three feet from it. 

The minerals: 

Phlogopite. ... fresh, bronze. 

Pyroxene..... hydrated, white, earthy looking crystals as 
much as three inches long. They are too badly 
weathered to determine the indices. Probably 
diopside. 

Apatite. ......greenish-blue crystals and massive material. 
Some of ‘the crystals are contained as inclu- 
sions, both in the pyroxene and the phlogopite. 
Others are intergrown with the other minerals. 

69-K-2-d. About one hundred yards east from K-—2-a there is 

a pegmatite dike projecting above ground for a distance of forty feet 

along a slope. This pegmatite contains considerable quantities of 

black tourmaline and titanite, with a concentration of green horn- 

blende near its lower contact. The contact effects are purely endo- 

morphic, as the limestone shows only a concentration of graphite 

bands parallel to the contact. 

The minerals : 

Quartz. 

Felspar.......Orthoclase. a==1,519 + 003)..." 7) 
yee 1525 & O03f0 

Microcline, == 1.525. + O0G}oc 2o 
y = 1.530 + 00317 i 

Titanite...... well-developed wedge-shaped crystals. 

Hornblende. .. a== 1.627 + 003), — 17° 
y= 1.650 + 003,” oe Fe 

69-K-3. This is a zone several hundred yards N. 28° E. from 

K-2-b, where the limestone is extensively intersected by pegmatite 

dikes, and silicates are disseminated in the limstone as well as along 

the contact. The pegmatites project through as nearly circular knobs 

and dikes as much as 100 feet long. They contain inclusions of the 

limestone and have caused local folding. This area now contains 

boulders of phlogopite, calcite, and chondrodite. 
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69-K—3—a. _A-few yards northeast of K-3 there is a pegmatite 

knob containing considerable brown tourmaline. The contact is en- 

tirely barren except for a very small concentration of green pyroxene 

at one spot in the dike and a knot of the same material in the lime- 

stone two inches from the contact. 

Another dike in the same zone shows a concentration of brown 

tourmaline intergrown with silky, elongated prisms of tremolite. 

The limestone contact is covered, but cobbles of phlogopite with six- 

inch quartz crystals suggest that the action on the limestone. was con- 

fined to the development of those minerals. 

There are many absolutely barren contacts in this region. Others 

abound in which a concentration of graphite, in both the intrusive 

and the limestone, appears to be the only consequence of intrusion. 

A slide cut from limestone near the contact with a dike in which 

macroscopic quartz is visible shows the beginning of the replacement 

of limestone by quartz and felspar. Plate IX (A). 

The lower contact of one dike shows a concentration of diopside, 

and the limestone under it contains considerable diopside, a very little 

apatite, irregularly oriented flakes of graphite, and later quartz and 

felspar. 

A knob of limestone isolated from any dikes contains small, silky 

- crystals of tremolite, lilac to red spinel, serpentine, and chondrodite. 

An irregular development of phlogopite and wernerite in the lime-_ 

stone ends the minerals from this locality. 

The minerals: 

Missonite..... ome £563 003° ky Se 
«= 1.547 + .003. 

Phlogopite. ...mostly hydrated. y = 1.574. 

SPE Sas clear lilac to reddish. »= 1.710. 

Tourmaline. . . brown. o = 1.640 + .003),,__ - — 920 
«= 1.620 + .003§” 

Tremolite..... white, silky crystals. 
a= 1.600 + .003) acm OS > 

y = 1.625 + .003{” te 

69-K-5. To the northeast of K-3-a there is much less minerali- 

zation of the limestone, in spite of the large number of the pegmatite 

dikes which carry considerable brown tourmaline. The tourmaline 
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has crystallized in the edge of the dikes, and very rarely: passes out 

into the limestone. At one locality there is an old pit which was 

opened in the limestone. A good many quartz veins pass out into the 

limestone, which becomes nearly a solid mass of diopside and apatite, 

with considerable calcite, graphite, and granular pyrrhotite. This 

latter is very local, but occurs abundantly as grains and small crystals. 

There is some quartz which has replaced the limestone at a later date 

than that of the formation of the diopside, tourmaline, and apatite. 

The minerals : 

Apatite: ifs 0% light blue green. 
o = 1.634 + .003 ab an! ge 

e==1,631‘+ 003 ; ‘ 

Diopside...... deep green, vitreous. 
a = 1.670 + .003 ales 
y = 1.699 + 003,” ee 

Tourmaline... brown. o = 1,638 + .003|,,__ - — 018 
“gees 1 620 as * ; : 

Felspar. 355% Albite. a = 1,530 +:.003. 
y= 1.541 + .003. 

Microcline. y == 1.530 + .003—gridiron str. 

The apatite is apparently of the same age as the other minerals in 

this locality, and the titanite is found in the limestone away from the 

contact, though always near pyroxene, if not in it. 

- The next four localities lie in a line bearing southwest from, and 

starting a few hundred yards west of, K~2. 

69—K-6. The road has cut through the contact between a pegma- 

tite dike and the limestone. The intrusion shows a concentration of 

diopside and a little apatite and titanite. Only the diopside passes 

out into the limestone, and that to a very slight extent. The lime- 

stone contact is marked by nothing more than the development of 

phlogopite and, in one place, by a 6-inch thick aggregate of massive, 

green-gray wernerite and crystalline phlogopite. 

Dikes and knobs of pegmatite are so numerous in this region as 

to form fully fifty per cent. of the exposed surface rock. The lime- 

stone is white, finely granular, and contains knots of phlogopite in a 

few rather restricted areas, and considerable amounts of chondrodite 

over a wide zone. Plate IX (B) shows a microphotograph of a slide 
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—ESE 

A. Quartz and felspar replacing calcite. They are both strained and 

granulated and cut by veinlets of later calcite. Q=quartz. F = felspar. 

C = calcite-veinlets and calcite. (Crossed Nicols, * 20 diams.) 
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of a part of a chondrodite zone which occurs as a band paralleling 

the tip of three or four pegmatite knobs. This rock is composed of 

calcite of two generations, chondrodite, phlogopite, diopside, graphite, 

rare apatite, and quartz, which was the last to form. 

One lens of limestcne, which runs into a crack between two 

branches of a dike, is completely changed into a massive scapolite- 

mica aggregate. Plate VI (A) shows the character of the topog- 

raphy in this region. 

The minerals : 

Scapolite ....- (1) from road cut. 
Marialite ; brownish white, massive. 

CO ed 1.561 "a5 2 ee 018 

e= 1.543 + .003} ess 
(2) from lens in the dike. 

Missonite ; brown, massive. 
o = 1.563 + .003 ge wo —e= 017. 
e= 1.546 + .003 

Tourmaline ... black. Only one speck seen in dike. 

Diopside ..... ony eee to rich green. 
= 1.671 + 005), pre #1700 = 003}? — 2 = 029, ZAc= 3%. 

Felspar ...... Microperthite. 
Microcline—gridiron structure. 
Albite. a = 1.530 + .003. 

y = 1.540 + .003. 

69-K-/-a. This locality is at the south end of a large pegmatite 

dike which forms a wooded ridge. Disseminated chondrodite, mas- 

sive diopside, some tremolite, and loose boulders of phlogopite are 

found along the edges of this dike at the base of the cliff. Beyond 

the end of the dike another small knob of pegmatite rises up above 

the limestone surface, and thirty feet beyond that there is a pocket 

of chondrodite with large-sized purple spinels. Fig. 1 A gives a 

rough idea of the relations. Tourmaline is very scarce in these dikes. 

' The minerals: 

= a Chondrodite . : ss . A oe ees Le 

Spinel. cae == 1.713 + .003. Apparently another spinel 
in the section with index too high to determine. 
Probably an iron spinel. 
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Diopside ..... (at K-7-a-2) massive gray material. 
a== 1.664 O05} oe — 49° Regn es 0st y—a=.034, ZA\c=42°. 

Tremolite .... (at K-—7-a—2) white silky fibers in limestone. 
a == 1.606 +: 003 svi, at nee DALY 

y = 1.636 + .003{ ” cs 

Chondro set an hime Fulog opi te Boulders 

By Pegmatile. 
Rest is Limestone 

mostly covered 

Labatite 
and Spinel 

tooft. 

SHt- contours ‘ 
- ’ 

Plan of (tiaeralized Zone K-7 

tft 

betails of Limestone Inclusion in Peg matite at K-7-6 
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69--K=7=b..At K-7-b shown ‘in the sketch there is an irregular 

pegmatite cutting through the limestone, and a good example of lime- 

stone filling a depression in the pegmatite and simulating a dike. 

Plate X (B) shows the peculiar relations. Fig. 1 B gives the details. 

A good deal of the limestone next to the pegmatite is unchanged, 

but on the upper surface and near the top of the “dike” it is com- 

pletely altered to a massive, finely crystalline aggregate of diopside 

and scapolite, containing a few small anhedral apatite crystals. The 

three are of contemporaneous origin. 

The marble next to this alteration product is very nearly pure. 

It contains only a little phlogopite and quartz, which together make 

up about one per cent. of the rock. The contact between the pure 

limestone and the completely altered silicate rock is very sharp. The 

quartz has replaced the calcite. It is strained and granulated, and 

has been in turn replaced by calcite and differently oriented quartz 

along its borders. Both the quartz and calcite replace phlogopite. 

The minerals : 

Scapolite ..... Meionite. w= 1.590 + 003]. 
(1555 + Oe 

Diopside ..... Violet tinted to brown. 
a = 1.669 + .005. y—a= 029. 

y = 1.698 + .005. L Cee FI: 

69-K-8. The chondrodite continues in patches southwest along 

the same ridge, but disappears before reaching K-8. At K-8 it comes 

in again parallel to a contact zone which is several feet away from it. 

This is a well-developed pocket, four to five feet wide and several 

feet long, composed of diopside, hornblende, phlogopite, and brown 

tourmaline, alongside of a dike holding black tourmaline. Next to 

the dike the contact rock is fine-grained and whitish. Away from the 

dike, it passes into a darker, coarser, massive, diopside and mica rock, 

and finally into an aggregate of coarse calcite, phlogopite, and tourma- 

line. The chondrodite zone follows along outside of this, and one 

hundred feet farther south it ends in a pocket of pink spinel. 

The minerals: 

Hornblende .....as crystals and in groundmass. 
a= 1.624 + .003. y—a=.014. 

y = 1.638 + .003. ZAc= 21°. 
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Diopside®;;.....'. square octagonal crystals in cavities, and as 
a white groundmass. Badly weathered and 
opaque. 

Felspar of dike. .Microcline, gridiron structure. 
Andesine. a= 1.546 + .003. 

y = 1.553 = 008. 

69-~K-9. One hundred yards farther south, at the northeast 

pointing V in the road, there is a good development of violet spinel 

in serpentine. In thin section the serpentine is shown replacing 

chondrodite. It does not replace the calcite, as is shown by the fact 

that it never occurs in the calcite at any distance from residuals of 

chondrodite, but remains grouped about them and retains the cleavage 

of the chondrodite. See Plate IX (B). Phlogopite and a little calcite 

make up the rest of this rock. The limestone of this region is full 

of quartz, and in places is almost completely replaced by quartz and 

some felspar. A gabbro alongside of K—9 is also full of acid mate- 

rial. Plate VIII (A) shows this quartz and felspar in limestone. The 

quartz is strained and granulated, and both it and the felspar have 

been replaced to some ‘extent by later calcite. . 

69-K-10. At this point, in the north-central part of the region, 

there is a sill of granite of considerable extent projecting through 

the limestone. Along its edge at K-10, both it and the limestone 

‘are cut by a number of tourmaline-bearing quartz veins. One small 

branching vein winds along in view for about 200 feet. The lime- 

stone on both contacts along nearly the whole of its length is filled 

with crystals of deep green, silky, pargasite. The vein carries con- 

siderable tourmaline, and occasionally spreads out and covers the 

limestone with a mesh of quartz. There is a marked development of 

graphite accompanying some of these veins of quartz. 

The minerals : 

Pargasité:. . ogee as o== 1617 2 003. y—a= 022. 
y = 1.639 + .003. ZAC== 22". 

69-K-11. Across the swamp, on the ridges to the west of K-10, 

there is a very marked lack of the minerals characteristic of the zone 

just described. Pegmatite dikes occur in abundance, quartz veins cut — 

these, and the limestone is often full of a reticulated network of 

quartz which weathers into ridges with rough, irregular surfaces, 

standing up above the rest of the limestone. See Plate X (A). 
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A. 69-K-3-c-l. Quartz and felspar replacing limestone. Dotted lines 

surround quartz. Solid lines surround calcite. Rest of light-colored material 

is plagioclase. Dark groundmass is calcite. (Crossed Nicols, 30 diams.) 

B. Serpentine replacing chondrodite. Light remnants are chondrodite. 

Dark triangle is calcite. Black patches are spinel. (Crossed Nicols, X 20 

diams. See p. 25.) 
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Two slides from the pure limestone of this region show the pres- 

ence of a little strained and granulated quartz, microcline, and sodic 

plagioclase, rare rounded crystals of diopside, and flakes of graphite. 

One of these specimens is from a dark gray limestone which breaks 

up into a sooty powder (K-11-b). This contains a considerable 

quantity of graphite, both in the calcite, quartz, and diopside. 

North from here, along the strike, the same conditions prevail. 

Quartz stringers everywhere intersect the limestone, and occasionally 

a little tourmaline is present in the quartz; but, excepting the very 

rare quartz, felspar, and diopside in the body of the limestone, and 

several small zones of chondrodite, there is no mineralization. 

SUMMARY OF THE RELATIONS IN THE OxsBow REGION. 

The most noticeable fact which is brought to one’s attention by 

field work in this region is that of the many miles of barren contact, 

where not even a recrystallization of the limestone marks the sharp 

boundary between the intrusive and intruded rock. Other miles are 

marked by a discontinuous zone of coccolite, varying in width from 

one quarter to one eighth of an inch; while last of all, and forming 

but a negligible part of the whole, we find the pockets of silicates and 

an occasional altered zone a few feet in length. 

Perhaps just as remarkable is the occurrence of similar pockets 

and nodules of silicates at a distance from any contact, and the wide- 

spread distribution of minerals throughout a “clean” white crystal- 

line limestone. 
The limestone is very generally a coarsely crystalline white marble, 

with an average magnesia content far too low to be called a dolomite. 

The intrusions vary from porphyritic granite to pegmatite dikes bear- 

ing tourmaline and followed by quartz-tourmaline veins. Quartz 

with a little felspar also works its way out into the limestone, forming 

a rough-surfaced, siliceous marble. 

Granite-limestone contacts are barren unless quartz veins or peg- 

matites, or both, are present. Pegmatite contacts are more produc- 

tive, and the limestone about them contains scattered silicates. The 

possibility of both of these increases with the presence of tourmaline. 

Quartz dikes, as the last representative of pegmatitic action, especially 
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when they bear tourmaline, are very likely to be accompanied by 

pockets of metamorphic silicates; though, when the quarta 1s dis- 

seminated throughout the limestone, it is rarely accompanied by any 

contact minerals. 

The result of the distribution of the intrusives, as outlined in the 

beginning of this chapter, is the collection of most of the contact 

metamorphic phenomena near the center of the area where the dikes 

are thickest. The minerals are even better developed to the south 

where the dikes begin to thin out, but there is no certainty that the 

effect of other porphyritic granite masses to the south and west is 

not felt in that region. The phenomena of the eastern part of the 

east-west line, where scattered minerals appear on the surface of an 

elevated ridge, while at its base pegmatite dikes barely reach through 

the limestone, suggests that the sequence granite—granite dikes— 

granite and pegmatite dikes—large numbers of pegmatite dikes with 

contact silicates, is a vertical as well as a horizontal one. The sur- 

face occurrence of various members of this sequence is probably con- 

trolled more generally by the upper surface of the underlying granite 

than by the subaérial topograph, though this latter occasionally in- 

fluences the presence or absence of minerals. See Fig. 2. 
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Lilustrating Relations of Intrysives to Mineralized Zone 

at Last edge of Oxbow Area. 

There are a few general relations among the minerals which can 

be noted here, as they will help the reader to compare the localities 

subsequently described. 

Titanite occurs as a minor accessory in the granite, but it is rare 

as a contact mineral. When it does occur, it is usually in an endo- 
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morphic development of the intrusive. This has only one known 

exception ; 7.e., at K—5-b. 

Apatite is plentiful as an accessory in the granite. In this case 

it is euhedral. It occurs very abundantly, as both an endomorphic 

and an exomorphic constituent of many of the contacts, but is never 

found at a greater. distance than a few feet from the intrusive. 

Diopside-tremolite-scapolite-phlogopite; these four minerals are 

the common contact silicates of the area. They occur immediately on 

the contact and at any distance from it. They are both endomorphic 

and exomorphic. Diopside is the commonest. It, together with . 

scapolite and phlogopite, completely replaces the marble along a num- 

ber of the contacts. Diopside also forms the larger part of the endo- 

morphic reactions, and is scattered far and wide throughout the lime- 

stone. 

Tourmaline is generally found in the intrusive rock as an endo- 

morphic mineral, also in small scattered crystals in the limestone, or 

as a massive constituent of nodules far from a contact. It is black 

or brown, irrespective of its occurrence in the limestone or in the 

intrusive. 

Chondrodite and spinel are usually found together, though chon- 

drodite may occur without the other. They are at some distance 

from the intrusive, and generally occur alone or with serpentine, 

which is secondary after chondrodite. Serpentine and chondrodite 

may occur in nodules along with scapolite and other silicates. 

Graphite occurs scattered as flakes throughout the limestone, but 

more particularly as concentrations in the limestone near to a contact, 

frequently in nodules along with other silicates, and not rarely as a 

constituent of the pegmatite or quartz veins. 

LocALITIES IN THE GRANITE AREA OUTSIDE OF THE OxBow 

DIstTRICT. 

69—A. Northeast of Macomb, near the northeast corner of the 

Hammond Quadrangle, there is a limestone valley lying to the west 

of Beaver Creek. This belt of limestone is considerably interrupted 

by sills and dikes of pegmatite, and contains many impurities in the 

form of scattered diopside, phlogopite, quartz, and graphite. Large 
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quartz veins are also prominent. They cut across both the pegmatite — 

and the limestone. Some of them contain considerable tourmaline in 

large, well-developed, elongated crystals, with the characteristic curved 

triangular outline. At one locality two crystals were found which 

had a core of quartz. In one of these the quartz ran through the 

center of the crystal, which was about an inch long. In the other the 

quartz was at one end and the crystal was splayed out to hold it, as 

though the quartz had crystallized later and forced it out. Brown 

tourmaline is found in quartz, and very dark brown to nearly black 

tourmaline crystals, with zonal growth, occur in the limestone. The 

zonal growth is irregular, and shows a black surface with an unevenly 

developed brown core. Occasional quartz veins in this region con- 

tain small concentrations of pyrrhotite. ; 

The minerals : 

Tourmaline ...light brown. o = 1.637 + 003], __ oj9 
«= 1.618 + .003) : 

dark brown. o = 1.643 + .003],__ - _. 92) 
«= 1,622 + .0035 — 

Felspar (dike).Microcline. y=1.530 + .003). 
a= 1.522 + 003)” * vast 

Orthoclase. © -y == 1.525 = 003}. oe 
a = 1.520 + post? riya oe 

Albite. y = 1.534 + .003 
a= 1.530 + 003; 2 = 004. 

69-F-2. Near the southeast corner’ of the Hammond Quad- 

rangle, on the northwest side of the state road between Antwerp and 

Gouverneur, just north of Somerville, there is an old quarry which 

cuts through the contact between porphyritic granite and marble. 

Near the contact the intrusive has developed a greenish-gray 

syenitic facies, composed of oligoclase, microperthite, a little quartz, 

biotite, and phenocrysts of deep green hornblende. 

Small lenses of a fine-grained variety of this rock pass out into 

the limestone, and sometimes develop a scapolite-hornblende facies. 

A fibrous wernerite is the chief result of the alteration of the marble, 

and occurs both at the contact of the lenses and as nodular zones 

within a few feet of the contact. This is accompanied by varying 

amounts of diopside, phlogopite, hornblende, and graphite. 
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A. Quartz network in limestone. 69-K-11. See p. 30. 

See Fig. 1, B, for details. 

Limestone projecting down into pegmatite dike. 

B, 
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The minerals: 

—_-Wernerite .... fresh. This is a wernerite near the Meionite 
end of its range. 

wart L572 + 003) ee 
tie Mal" 

also greenish, fibrous, altered. This is inter- 
grown with quartz and partially altered to 
minute, high birefracting scales which are prob- 
ably muscovite. 

«= 1.547 + 003° Lapa 
Hornblende ..y = 1.656 + .003 

e168 + 0034 y—a= 018, ZAc= 17°. 
Felspar ...... very rare brownish oligoclase. 

y = 1.547 + 003§%" * 
Some microcline. 

69-F-3 and 4. To the southwest of the right angle turn in the 

road running northwest from the state road, along the township 

boundary line, there is a 300-foot by 25-foot pegmatite sill in the 

edge of the woods; and 300 feet south of that a small granite stock, 

roughly 180 feet in diameter, cutting the limestone. In the limestone 

between these two there are’a large number of nodules composed of 

contact silicates. 

There is no contact metamorphism exactly along the borders of 

the pegmatite sill, though bands of coarsely crystalline silicates paral- 

lel the southern contact at a distance of a few yards. The east end 

of the sill divides and includes a bed of limestone. This has suffered 

no alteration excepting a very slight crystallization. 

The numbers in the appended mineral description refer to Fig. 

3 A. 

The minerals : 

F-3-c. A band of phlogopite, some crystals several inches in 
cross-section. 

F-3-d. A shorter and more irregular zone composed of : 

Phlogopite. 
Wernerite—gray, fibrous. 

eS ete 
= tee Oo 
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F—3-e. 

F-3-f. 

F—4-b. 

F#-4-d. 
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Tourmaline—brown. 

«= 1.617 + 003)" "7 ae 
There are also a few small, prismatic, grayish 
crystals in calcite, which are uniaxial, have low 
B., and »= 1.640 + .003. Probably a nearly 
colorless tourmaline. 

Spinel. 

Serpentine. 

Tremolite—dark, fibrous, admixed with calcite. 

Zone holding large phlogopites and green serpentine 
with some unaltered chondrodite. The serpentine is 
an alteration product of chondrodite. 

Wernerite—grayish, fibrous. 

c= 1549 = 0035 27 oe 

Phlogopite. 

Tourmaline—reddish brown. - 

White marble holding small reddish-brown crystals 
of diopside, which are arranged more or less linearly 
with graphite. 

Diopside— a = 1.669 + .003) 
y= 1,698 a 003) 7 eee 

Wernerite—gray, white,. fibrous. 

w== 1.577 + .003 
eels tyes 028. 

Meionite— w= 1.588 + 003] 035 
e== 1,553 003) "77 ape 

Missonite, whitish— 

oO = 1.565 a .003) oom 018. 

e= 1.547 + .003} 
Hornblende—deep shiny brown with a red tinge. 
Silky pargasite. 

as 1650 n 003 y — a= 023, Z\c=25°. 
Tourmaline—black (rare). 
Tourmaline—brown fcommon),. 

Fig. 3 B shows the supposed relations of the intrusives to the nodular. 

zones and to the limestone free from nodules. 

Southwest of here, in the triangle of roads south of Wegatchie, 

Professor Buddington found small, nearly colorless crystals of 
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tourmaline disseminated over a large surface area of limestone. 

These are associated with the usual phlogopite and tremolite. The 

indices of this tourmaline are: 

wo = 1.634 + 003, «== 1.615 + .003, wo—e=.019. 
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Supposed Relations in above 
Zone —69-F 

The same scattered minerals are found to the east and northeast 

of the “F” area. It is a region of comparatively few pegmatite 

dikes, which have had little or no metamorphosing power at their 
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immediate boundary. Chondrodite, phlogopite, and an occasional 

brown tourmaline are found here and there in the limestone. 

69-M. Ona bare hillock in the center of a field, three quarters 

of a mile northeast of Grass Lake, on the western edge of the Ham- 

mond Quadrangle, south of the center, there is a coarsely crystalline 

aggregate of pyroxene, felspar, titanite, and calcite, with considerable 

quartz and a one-half-inch vein of fluorite in quartz. These minerals 

occur in an amphibolite which has been penetrated by acid pegmatite 

juices. The calcium carbonate must have been brought up with the 

pegmatite from marble beds traversed below. The amphibolite ap- 

pears to have played no part, except perhaps that of furnishing a 

zone of weakness and thus localizing the solutions. 

The minerals : 

Diopside ..... crystals as large as six inches in cross-section. 
a = 1.684 + 003 ae 
yo= 1,710.4 003(""” 7 eae 

Caleite \.1.disa large cleavage pieces, 
Phlogopite. 

Quartz. 

Felspat:. ssa andesine. 
a = 1.546 + .003) y —a=.007. 

y = 1.553 + .003) Rare Microperthite. 
Titanite. 

Fluorite ...... purple, isotropic. 7 far below 1.475. 

Fluorite has been reported by C. D. Nims from the following 

areas of indefinite extent: Macomb, Rossie, Fine, Muskalonge Lake, 

and, in addition, by Dana at De Kalb. Except for weathered blue- 

green fragments of fluorite picked up along the shores of Muskalonge 

Lake, the above is the only occurrence noted by the writer. 

69—H-1. On the old Reese Farm, two miles southwest of Rich- 

ville, there is an irregular development of minerals, predominantly 

brown tourmaline and tremolite, in a lenticular pinching and swelling 

zone in marble. This is the famous Gouverneur brown tourmaline 

locality. Several distinct pits have been dug in it. The brown 

tourmaline occurs chiefly as one component of a massive mixture of 

earthy, white diopside, calcite, silky white tremolite, and tourmaline; 

but it can also be found in clear, amber-colored crystals several inches 
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long. The diopside forms opaque, white, octagonal crystals, and the 

tremolite occurs as beautifully bladed, shiny white prisms several 

inches long, and grouped into individuals an inch or more broad. A 

little apatite, phlogopite, and grains of pyrrhotite are also found in 

this mass. The surrounding limestone, within a radius of at least 

200 yards of these pits, is full of irregularly oriented, needle-like 

tremolite crystals. 

Two knobs of pegmatite, composed of quartz, felspar, and a little 

black tourmaline, barely project above the ground twenty-five yards 

northeast of the mineral pits and well within the radius of tremolitiza- 

tion of the limestone. The longest diameters of these knobs point 

toward each other, and suggest that they are the upward extensions 

of a dike or sill which is roughly parallel to the mineral zone. 

The minerals: 

Brown tourmaline.......... wo = 1.637 + .003 — 019 
c= 1618 + OS 

PENNER ee == 1.625 + 003 bes 
5 1606 + 0st? pee Oe 

TS ae peer ferme badly altered. 

eee Pe heen eae o = 1.630 + .003) 002 
«= 1.628 + .003§°” *~ 

Phlogopite. 

The marble away from the tremolitized area is remarkably pure, and 

shows only rare specks of quartz and phlogopite in thin section. 

69-Q-2-a. One and one tenth miles north-northwest of Pierre- 

pont crossroads, near the central western edge of the Canton Quad- 

rangle, there is a concentration of black tourmaline, diopside, horn- 

blende, and phlogopite in a gangue of quartz, calcite, and dolomite. 

This is the well-known Pierrepont black tourmaline locality. 

The minerals form an irregular band, winding up the hillside for 

one hundred yards, and are exposed over most of the distance. 

Tourmaline is the predominating mineral at the lower end, but phlogo- 

pite replaces it toward the upper end. The tourmaline is found in 

short, jet black, often doubly terminated, shiny crystals, with mark- 

edly polar characters. 

Most of the hillside is covered by sod, and there is nothing in the 

immediate vicinity to show the origin of the vein except that sug- 

PROC. AMER. PHIL. SOC., VOL. LXII, J, OCT. 2, 1923. 
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gested by the minerals themselves. Quartz and tourmaline, with 

diopside and phlogopite, are constant associates of the granite pegma~- 

tites. Hornblende is occasionally found with them. 

Fifty yards down the slope, in the bed of Leonard Brook, and 

striking toward the mineral zone, a pegmatite dike intersects the 

limestone and a garnet gneiss. This dike is in turn cut by a quartz, 

tourmaline, phlogopite, diopside vein, and shows a marked concentra- 

tion of stubby, polar tourmaline crystals and phlogopite along its con- 

tact with the limestone. See Fig. 4. 

Pair ees 2 SESH TEP 
Limestone 

5 , 

Mica and Teurmaeline 

sft. 

Romotite Dihein the bed of Leonard Brook at Q-2-a 

The hill west of the brook is a garnet gneiss and an amphibolite 

of unknown origin. These are locally full of granite injections, and 

contain a few tourmaline-bearing pegmatite dikes. The limestone 

adjoining this mass on the west contains some serpentine and spinel. 

The widespread occurrence of phenomena connected with the 

granite intrusions, the presence of a dike of granite pegmatite con- 

taining the typical tourmalines along with phlogopite and diopside 

(a dike which, if prolonged, would come very near to the greatest 

development of tourmalines), is regarded as proof that the minerals 

owe their origin to the magmatic solutions accompanying the granite. 

The minerals : 

Tourmaline ...black. == 1.650 + .003— complete absorp- 
tion of light along « ray. 

Diopside ..... square crystals. 

vie 1700 ia 00347 — a= .030, ZAc=39°. 

hydrated. a = 1.613 + .003 a 
yas 1682 003," Bi nee: 

003) y—a==.022, ZA\c= 18°. 
00 Slight pleochrism. 

Hornblende ... 



IN THE WESTERN ADIRONDACKS. 129 

_Dolomite .....rhombohedral cleavage, effervesces strongly 
with concentrated hydrochloric acid, but only 
very slightly with dilute hydrochloric acid. 

o = 1.680 + .005. 
e = 1.540. 

69-Q-1. One mile southeast of the village of Pyrites there are 

a number of old dumps of phlogopite with crystals four inches in 

diameter and irregular plates of larger size. These occur in the zone 

of amphibolite and garnet gneiss surrounding the Laurentian granite 

of that area described by J. C. Martin.® 

This is intersected by a few large pegmatite dikes, and a number 

of smaller ones bearing black tourmaline. The small dikes are not 

seen cutting the large ones, and may be of the same or different age. 

The large pegmatite dikes, the contact garnet gneiss, and the 

amphibolite are all crossed by a banded vein consisting of pyroxene, 

biotite, calcite, and apatite. This vein varies from.nearly four feet 

in thickness to complete disappearance, and is uniformly banded as 

follows. 

The measurements were taken from wall to wall by Professor 

Buddington. 

4 three fifths of an inch of pyroxene. 

3 three inches of elongated fiber-like mica and pyroxene. 

2 three inches of pyroxene and apatite. . 

1 from nothing up to one foot of coarse mica. 

0 one foot coarse calcite holding apatite. 

1 from nothing up to one foot of coarse mica. 

2 three inches of pyroxene and apatite. 

3 three inches of elongated fiber-like mica and pyroxene. 

4 three fifths of an inch of pyroxene. 

Titanite and well-developed crystals of wernerite two inches long 

and one inch thick were found in loose pieces of pyroxene and calcite, 

and evidently came from near the middle of the vein. 

The development of good crystals of pyroxene, apatite, and titan- 

6 Martin, J. C., “ Pre-Cambrian Rocks of the Canton Quadrangle,” N. Y. 

State Mus. Bull. 185, Albany, 1916. 
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ite, together with the perfection of the banding, make it difficult to 

see how this vein could have been formed under conditions of high 

pressure. The banding is that of a true fissure-filled vein. 

It has been claimed that the force of crystallization of minerals 

will wedge and hold the walls of a fissure apart, and thus allow 

minerals to form. But, as brought out by Lindgren (“‘ Mineral De- 

posits,” p. 656), “aside from the problematic intensity of this force, 

such crystallization could hardly have produced perfect crystals or 

drusy structure.” Lindgren favors the hypothesis that the vein- 

forming solutions were injected under pressure and so made a space 

for themselves, like pegmatite dikes ; but even under those conditions 

he says (Lindgren, op. cit., p. 657): “ The texture of the veins is 

generally coarse grained and irregular. There may be a rude banding 

by deposition, but nothing to equal the delicate concentric bial, of 

the veins formed near the surface.” 

Typical high temperature minerals occurring in a banded vein 

deposit are rare, and clearly indicate the wide range of conditions 

under which these minerals may be formed. This vein must repre- 

sent a later phase than the typical contact zones of the region. Its 

peculiarities are believed to result from decrease of pressure rather 

than of temperature. 

69-P-2. Four and a quarter miles southwest from Russel, and 

one fifth of a mile southeast from the road between Russel and 

Edwards, there occurs a concentration of the rare mineral danburite, 

as beautiful crystals and as a massive vein mineral in a pyroxene 

schist. Mention is made of this in C. D. Nim’s manuscript as fol- 

lows: “ Danburite in magnificent crystals, some of the smaller size 

perfect gems, brilliant, transparent, beautifully modified, some of the 

larger are five inches in diameter and a foot long.” There is nothing 

comparable to this to be found here now, unless blasting should 

reveal new masses of it. 

The geology of this region was not studied in enough detail to be 

able to refer this occurrence to any particular intrusive, but it is men- 

tioned here as giving added proof of the concentration of large quan- 

tities of boron in the magmatic vapors and solutions of the region. 
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GENERAL SUMMARY OF THE AREA OF GRANITIC INTRUSIVES. 

The areas described above show a multiplicity of detail, but, under- 

lying this, there is a general marked similarity of occurrence in widely 

separated localities. Everywhere a rock of granitic character has 

intruded a limestone and, in comparatively few places, contact meta- 

morphic minerals have been formed both near to and far from the con- 

tacts. The rare elements which so often characterize granite pegma- 

tites are lacking. The minerals are very limited in number and most 

of the species are constant over the whole area. Particular associ- 

ations between minerals are very few, and age relations such as to 

show successive periods, or waves, of metamorphism are lacking. 

The fundamental problem is to determine what cause or causes 

acted to bring about the formation of these minerals, their peculiar 

distribution, and their absence over long miles of contact. 

At first glance it would appear probable that a difference in com- 

position of separate parts of the limestone or of the intrusive would 

’ easily explain such a variation. But an examination of very little of 

the many miles of contacts shows how a local mineral area can be 

followed on either side by a totally barren contact. No variation in 

the country rock can account for such sudden and marked changes 

as that. 

There is no denying, however, that the composition of the lime- 

stone does vary from place to place. This variation is twofold. In 

the first place, the content of magnesia changes; and, secondly, there 

is probably an increase and decrease of the siliceous impurities con- 

tained. 

D. H. Newland‘ has the following to say concerning the lime- 

stones of the Adirondacks: “ It is a calcite limestone with a variable 

but generally small amount of magnesia. The carbonates amount to 

about 95 per cent. of the whole mass, of which nearly 90 per cent. is 

calcium carbonate. Rarely the magnesia assumes sufficient impor- 

tance to characterize the rock as a dolomite.” Analyses published in 

his report give the percentages of magnesian carbonate as 6.40 per 

cent., 7.50 per cent., 6.85 per cent., and calcium carbonate as 87.09 

7“ Quarry Materials of New York,” by D. H. Newland, New York State 

Museum Bull. No. 181, Albany, 1916. 
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- per cent., 87.47 per cent., 89.94 per cent., respectively, in three of the 

Gouverneur marbles. In Harrisville, Lewis County, magnesium car- 

bonate is given as 21.79 per cent., and calcium carbonate as 79.17 per 

cent. This latter is a true dolomite of véry local character. 

The following partial analyses were made by the writer: 

Marbles. (1) 69-H-1-a, white, recrystallized calcite from 

among the silicates. 

CaO = 56.45. 

MgO = 2.49. 

(2) 69-H-1-c, limestone near H—1-a, but not quite 

on the same strike. 

CaO = 52.24. 

MgO = 3.80. 

(3) 69-V-4—b-4, white marble containing dissemi- 

nated silicates from Natural Bridge. 

CaO = 54.97. 

MgO == 1.13. 

(4) 69-K-7-a-2, white marble from a limestone- 

chondrodite zone. 

Cas 52:56, 

MgQ == 2.38. 

(5) 69-K-13-c, limestone far from any mineral 

development. 

Cac) == 51,02, 

MgO = 4.12. 

These show the variable though generally very low percentage of 

magnesia. There appears to be a tendency toward lower magnesia 

when the sample was taken from a mass containing silicate minerals 
than when it was taken from pure limestone. Samples 1, 3, 4 are 

lower in magnesia than Nos. 2 and 5. 

In discussing the percentage of siliceous impurities in the lime- 

stone preceding the intrusion of the granites we are treading on thin 

ice. There have been two periods of metamorphism superimposed 

one upon the other, and the effects of the second, the regional contact 
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metamorphism, have so masked those of the first, the dynamo-meta- 

morphism, that it is impossible to determine the chemical composition 

or physical condition of the sedimentary series at the beginning of 

contact metamorphism. 

Certainly the original metamorphism transformed a fine-grained, 

detrital, or chemically precipitated limestone into a crystalline mar- 

ble. The thoroughly crystalline condition of the sediments accom- 

panying the limestone suggests that this early metamorphism pro- 

ceeded to the stage where the development of silicates by recrystal- 

lization took place in them, but it can not be definitely stated to be so. 

All the minerals existing at present in the limestone can have been 

formed by contact metamorphism, and certainly most of them were 

so formed ; but the possibility of the earlier existence of such silicates 

as phlogopite, diopside, and tremolite in scattered crystals must be 

recognized, and, if they existed, their quantity would doubtless vary 

from place to place. 

Carbonaceous matter is also believed to have existed originally in 

the rock. During the contact metamorphic stage it underwent a con- 

centration as graphite at the contacts, in bands parallel to them, 

sometimes in the dikes, and frequently in nodules along with contact 

silicates. 

_ The presence of tourmaline and chondrodite in the regions of 

scattered minerals and the widespread occurrence of fluorine in the 

micas prove beyond question the influence of mineralizers on the 

formation of such scattered silicates. The general purity of the 

limestone removed from such signs of direct magmatic additions 

suggests that the crystalline impurities can not have been very plenti- 

ful anywhere, or else that the magmatic additions always took place 

where the limestone was already impure. It is hard to credit the 

latter. 

Some quartz is believed to be due to the recrystallization of 

originally siliceous layers, but in that case it occurs as bands or as a 

network in the limestone. On the other hand, there is a great deal 

of quartz, accompanied by a little felspar, which clearly replaces the 

limestone and which was added at a late date in the period of igneous 

activity and which grades into the pegmatites. 
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It is believed, then, that the limestone, at the start of contact 

metamorphism, was coarsely crystalline, contained local areas of 

banded quartz, an unknown though small quantity of phlogopite, 

diopside, and tremolite, and a considerable quantity of carbonaceous 

material. 

Accompanying, or subsequent to, the large intrusions of grariite, 

the pegmatites came in. These, in the nature of residual magmas, 

contained the principle elements of the igneous rock and a concentra- 

tion of volatile substances, chief among which were water and com- 

pounds of boron, fluorine, chlorine, phosphorous, and some sulphur. 

The rarer elements such as tin, tungsten, fantehiny,. etc., so often 

characteristic of pegmatites were lacking. 

These residual magmas were cooler than the original magma at 

the start, but, because of their high fluidity, they existed long after 

the border of the parent rock had crystallized and were injected into 

it and into the sediments as dikes and sills, the gases or vapors passing 

even further out into the limestone. As more and more material was 

crystallized the residual matter, even cooler and more dilute, took on 

_ the nature of vein solutions, and finally, having passed from the 

pegmatite stage, formed high temperature quartz veins holding occa- 

sional tourmalines, felspars, and pyrrhotite. Still later than this, 

solutions containing only silica and a very little of the constituents of 

felspar passed out into the limestone and replaced it. 

The vast amount of magmatic vapors which worked out into the 

limestone has resulted in the development of contact metamorphism 

on a regional scale. There is nothing in the field to distinguish the 

minerals formed at different periods during the progressive cooling 

of the vapors, but they can not have been all formed at one time, and 

the existence of the extraordinary banded vein deposit at Pyrites 

(69-Q-1-a), containing the minerals formed elsewhere under condi- 

tions of high temperature and pressure, suggests a considerable range 

of conditions under which these contact silicates may be formed. 

The presence of the mineralizers does not explain the localization 

of the minerals and the many miles of barren contact. According to 

Barrell,® ““ Carbonic acid is only expelled where the siliceous impuri- 

8 “ Physical Effects of Contact Metamorphism,” J. Barrell, American Journal 

of Science, Vol. 13, 4th Series, 1902, pp. 279-296. 
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ties of the limestone are sufficient to combine with the lime set free 

forming lime silicates. This ability of deéply buried limestones to 

retain their carbonic acid when intensely heated, if free from other 

impurities, has been noted by a number of observers. . . .” In the 

present case the marble was already dense, crystalline, stable under 

metamorphic conditions, and the impurities were probably already 

segregated as minute crystals. Heat alone would have no effect upon 

it. Water vapor bearing silica and other constituents of the magma 

plus the mineralizers boron, fluorine, chlorine, and phosphorous 

should react with the calcium and magnesium carbonates, thus setting 

free the carbon dioxide. 

Eskola® says: “ The resistance offered by limestone against the 

granitization is very remarkable. Even in the midst of a migmatite 

area, where all the siliceous rocks have been thoroughly mixed or 

assimilated with the granite magma, the limestones are generally quite 

free from granitic injections, and are intersected only by rectilinear 

pegmatite dikes.” 

Lindgren *° claims that, “ Even where the carbon dioxide can not 

escape there may be intense action between the igneous rock and the 

limestone. The two rocks will form a chemical system with great 

difference of temperature and it may be assumed that there will be 

intense transfer of material between the two.” He also states that 

if the solutions are dilute enough nothing but a recrystallization of 

impurities will take place. 

In the western Adirondacks it is probable that the limestone was 

deeply buried and therefore molded and recrystallized at the existing 

temperature and pressure to form a relatively impervious barrier, 

except locally, to the formation or penetration of the magmatic 

vapors, particularly so along the contact with the intrusive. Locally 

_ a reaction was set up which resulted in the formation of a natrow 

zone of coccolite and occasionally a mineral concentration; but, over 

most of the contact, limestone exists against granite or pegmatite 

without even a coarsening of the crystallization to mark the position 

of the intrusive. The replacing quartz veinlets may have been 

9“On the Petrology of the Orijarvi Region in Southwestern Finland,” 

Pentti Eskola, Bull. de la Comm. Geol. de Finlande, Avril, 1914, p. 36. 

10 Lindgren, W., “ Mineral Deposits,” p. 722. 
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formed by a more thinly fluid magmatic portion richer in water work- 

ing its way into position, in part at least, by metasomatic replacement. 

The intrusion of the pegmatites was accompanied by folding of 

the limestone in many places, and it is reasonable to suppose that it 

caused the development of crushed zones and of lines of weakness. 

We must turn to this for an explanation of the peculiar localization 

of the contact phenomena. In such a zone the pressure would be 

reduced, magmatic vapors released, and a channel for the escape of 

carbon dioxide offered, thus allowing an interaction between the 

materials of the rock and the magmatic solutions. 

But there are still two distinct types of contacts formed by these 

means to be explained. First, the complete alteration of a narrow 

band of limestone, with a maximum width of six inches, at the im- 

mediate contact; and, secondly, the pocket and nodule type either on 

the contact or surrounded by limestone and far from any visible in- 

trusive. Massive wernerite or diopside predominates in the first of 

‘these, sometimes forming the whole mass of the rock as at K—7—b-1, 

or along with phlogopite as at K—6-a-4, or phlogopite and apatite as 

at K-2-a-6. In these cases there is little or no calcite left. The 

_ division between the contact rock and the unaltered limestone is very 

sharp and endomorphic effects are liable to be marked. These con- 

tacts grade into the next type through a few, such as K—5-b and 

K-8, where there is considerable calcite left in a predominantly silicate 

mass a foot or two thick with an irregular development. 

The second type is the common one. Nodules, bands, and pockets 

of most of the contact minerals are found indiscriminately inter- 

grown along the edge of a dike, in the limestone along a contact, or 

far out as an islet in the limestone. 

In the first case there has been an addition of silica, chlorine, 

fluorine, alumina, soda, and probably some phosphorous, with the 

complete expulsion of carbon dioxide and some lime and magnesia at 

the immediate contact.’ 

Leith and Mead ™ quote from Ingersoll and Zobel to the effect 

that heat advances very slowly. “ The maximum temperature in — 

limestone, or the crest (so to speak) of the heat wave, travels out- 

11“ Metamorphic Geology,” by Leith and Mead, p. 144. 
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ward only a few centimeters a year. The mass behind it will then 

suffer a contraction as soon as it begins to cool, and the cracking and 

introduction of mineral-bearing material is doubtless a consequence 

of this.” It may be in such an action that we find the cause of these 

complete replacements, though even at the start, as shown by the lack 

of chill zones, the temperature difference can not have been very 

great, or it may be in a more sudden shattering on intrusion. 

In the second case the mineralizing solutions have followed frac- 

tures or zones of weakness which have allowed the interaction be- 

tween the carbonates and the introduced silicates with their accom- 

panying mineralizers. These pocket and nodule areas are probably 

all connected with igneous derivatives in depth. 

The abundance of tourmaline and chlorine and fluorine bearing 

minerals shows the presence of large quantities of volatile substances. 

Probably they were associated with large quantities of silica and 

some soda, potash, and alumina. There is evidence that part at least 

of the magnesia in the minerals of the region was derived from 

magmatic additions. This is true in the case of dolomite matrix at 

Pierrepont, and, as shown later, in the case of the dolomite band in 

the quarry 69-V—4-b-4 at Natural Bridge. 

All that was needed in any instance to start the reaction between 

silica and the calcium and magnesium carbonates, and the formation 

of pneumatolitic minerals, was a channel of escape for these vapors 

out into the limestone and for the carbon dioxide from the limestone, 

or, at least, from that immediate vicinity. 

The vapors were of varying composition or of variable concentra- 

tion, for they reacted differently in immediately adjacent localities. 

Scapolite very high in the meionite component occurs alongside of 

scapolite high in marialite. Brown and black tourmalines occur in 

one nodule six inches across, and tremolite and diopside are every- 

where intergrown. These differences can not be attributable to origi- 

nal differences in composition of the limestone. 

There are no evident age relations between the various minerals. 

They are intergrown and practically contemporaneous. Occasionally 

phlogopite is found as small crystals in later silicates. In the same 
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contact it will be found in large crystals intergrown with the later 

minerals. It is either of two generations, or, possibly, the inclusions 

represent impurities crystallized during the regional metamorphism 

and stable under the new conditions. 

The only age difference is that due to the time taken by the vapors 

to work their way out into the limestone—probably negligible, though 

the factor of internal pressure may have retarded them. 

Along with the formation of these minerals there went a recrys- 

tallization of the calcite. This now occurs as the country rock, re- 

placed by the silicates, as crystals of the same generation as the sili- 

cates, and, very rarely, replacing the silicates. 

Subsequent to the formation of the contact silicates, and probably 

after the internal pressure had returned to normal and most of the 

channels of escape of carbon dioxide had been sealed up by silicates, 

there occurred an exudation of heated solutions containing little else 

than silica; and quartz was deposited by metasomatic replacement, 

sometimes among: the earlier silicates, but chiefly in the limestone. 

This was accompanied by a very minor amount of soda, potash, and 

alumina which combined with silica to form microcline and micro- 

perthite. 

Possibly the temperature of this solution of silica was too low to 

react with the limestone, but more likely the absence of channels for 

the escape of carbon dioxide prevented the reaction and caused the 

quartz and a little felspar to replace the limestone volume for volume. 

The same solution which brought in the replacing constituents re- 

moved the calcium carbonate and so the replacement crept slowly out 

into the rock. : 

The quartz dikes, on the other hand, generally cut the limestone 

sharply and belong to the period of intrusion of the pegmatites, 

though they appeared at a late date in that period. 

At a time still later than that of the replacement by quartz and 

felspar the quartz was granulated and strained and the felspar dis- 

torted. A recrystallization of calcite accompanied this distortion and 

a replacement of quartz, felspar, and sometimes phlogopite, by calcite 

took place on a very small scale. Some quartz in the limestone was 
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A. Endomorphic edge of the diorite C—6-a, Rossie. Felspar. Pyroxene. 

Titanite. (Crossed Nicols (see p. 63), X 20.) 

a ___ 

B. Hornblende-mica-diorite C—6-c, Rossie. Dark gray hornblende and 

some mica. Light gray—=mica. White—felspar. Ord. light, X 20. 
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replaced along its edges by minute specks of calcite and a low bire- 

fracting mineral which is probably quartz differentially oriented from 

the large fragment. 

These replacements and crystallizations were very likely connected 

with later deformations in the Adirondacks. The granulation of the 

quartz and the felspar certainly occurred when the limestone was 

comparatively cool and under no great pressure. Considerable shear- 

ing must have taken place, though the recrystallization of the lime- 

stone has hidden it. 

Tue Rosste District. 

North of the village of Rossie we find a different set of conditions 

represented. This locality lies in the north center of the Hammond 

Quadrangle immediately southeast of Grass Creek and west of the 

Rossie-Hammond road where it crosses that creek. 

Dikes and veins associated with the granite intrusives are still 

plentiful. Their influence is seen in the development of large plates 

of mica and the minerals tremolite and zircon listed by Nims, but the 

minerals to be discussed occur with a rock of intermediate composi- 

tion. 

The mass of this rock consists of biotite, amphibole, with some 

residual pyroxene, alkalic plagioclase, apatite, titanite, and an occa- 

sional garnet. Owing to the fact that the geology of this particular 

region has not been studied in detail, no evidence as to the original 

composition of this rock has been found beyond that given by the 

microscopic examination of specimens of the two outcrops here de- 

scribed. Its intrusive character is established beyond question by the 

fact that it cuts across and breaks through the limestone without 

regard to preéxisting structure. 

The present composition of the rock is that of a hornblende- 

mica-diorite (Plate XI (B)), but the secondary nature of some of the 

minerals is evident under the microscope. Professor Smyth,’? who 

has discussed the origin of this rock, says: ; 

12 The Genetic Relation of Certain Minerals of Northern New York,” 

C. H. Smyth, Jr., Transactions N. Y. Acad. Sci., Vol. XV., Sig. 17, Sept. 25, 

1896, pp. 260-270. 
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Thin sections of the gneissoid rock entirely substantiate the conclusion that 
it is of igneous origin. It consists of hornblende, biotite, and plagioclase, with 

considerable titanite, some apatite, and occasional grains of garnet. The horn- 

blende sometimes contains a little colorless pyroxene, evidently all that is left 

of larger amounts of the mineral that have changed to hornblende. This fact, 

coupled with other cases in the region, suggests that the rock may have been 

originally a gabbro; but there is no proof that such was the case, and it must 

be classed as a hornblende mica diorite. 

Biotite is plentiful and occurs as elongated pleochroic individuals. 

The amphibole is a deep blue green and is strongly pleochroic. 

Its birefringence is low and its extinction high. Its indices of re- 

fraction are difficult to determine accurately owing to the color and 

to the strong absorption of the y ray. The optical properties deter- 

mined are as follows: . 

a == 1.666 + .003. 

B= 1.674 + .005. : 

y = 1.680 + .005, y—a=.014. Opt. (—), ZAc= 34°. 

Pleochroism—a = light yellow green. 

8 = dark yellow green. 

y = dark blue green. 

B approaches y more closely than it approaches a, but could not be 

determined with sufficient accuracy to permit the computing of the 

angle 2V. 

This combination of pleochroism, extinction, and indices shows 

the mineral to be different from any other amphibole whose published 

properties could be found, yet the perfect 124° cleavage exhibited by 

some fragments in thin sections cut from the body of the rock, as 

well as in a hand specimen of this amphibole from the contact zone, 

shows that it belongs to this group. In view of these facts, Pro- 

fessor Phillips kindly undertook to make a complete analysis of the 

mineral. The material submitted to him for analysis was ground and 

carefully examined under the microscope. It was found to contain 

very rare flakes of phlogopite and a totally negligible percentage of 

titanite. The combined effect of the impurities can not impair the 

results of the analysis. 3 

Professor Phillips’s analysis is given under Table I.: 
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In 1914, W. E. Ford ** published the results of an optical study 

and chemical analyses of a series of amphiboles. On page 181 of 

that paper he gives a series of ten analyses of “ normal ” and typical 

amphiboles. Upon studying his optical determinations he concludes 

that “the variation in the mean index of refraction came nearer to 

showing a correlation with the variation in composition than any of 

the other optical characters.” He also gives nine figures showing the 

results of the analyses in graphical form with the percentages of the 

different radicals present in the minerals forming the ordinates, and 

the mean indices of refraction the abcissas. 

These figures were used by the writer to compute roughly the 

chemical composition of an amphibole with a mean index equal to 

1.673, that of the amphibole under discussion. This is given in Table 

II. Table III. shows the amounts by which Professor Phillips’s 

analysis differs from the computed average for the “normal” 

amphibole. 

An inspection of this table will show that the silica, alumina, lime, 

and magnesia are well within the limits of error of the computed 

percentages, but ferric iron and the combined alkalies are much 

higher, while ferrous iron is low. The latter represents the greatest 

difference and results in the combined oxides of iron being three and 

one half per cent. too low. 

A glance at the analyses of amphiboles given in Iddings’s “ Rock 

Minerals ” and Dana’s “ A System of Mineralogy” soon shows that 

18“ A Contribution to the Optical Study of the Amphiboles,” Am. Jour. of 

Sci., Vol. XXXVIL., Feb., 1914. 
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this amphibole is too high in soda, potash, and alumina for a normal 

hornblende, and that it differs from the alkaline amphiboles by con- 

taining much too high a percentage of magnesia and alumina—this 

latter with a few exceptions—and much too low a percentage of fer- 

rous iron. It is also entirely out of the tremolite and actinilite groups 

because of too much total iron and alumina and too little magnesia. 

W. E. Ford ** gives the analysis and the optical properties of an 

amphibole called soretite, a hornblende which most nearly parallels the 

properties of the one under discussion. With a= 1.662, 8 = 1.676, 

y= 1.685, y —a= .023, and ZA c=17°, it has a higher birefrin- 

gence and a much lower extinction angle. In the analysis the com- 

bined alkalies of soretite are 3.89 per cent. lower and ferrous iron is 

3.43 per cent. higher. | 

It is evident, then, that the amphibole under discussion is a horn- 

blende in which a deficiency in iron has been compensated by a 

marked increase in the combined alkalies. 

In seeking for an explanation of the peculiar composition of this 

hornblende the attention is at once directed to its mode of origin. It 

appears, in thin sections, as irregular aggregates in otherwise fresh 

pyroxenes, as compact hornblende with residual pyroxene, and finally 

as rare: pleochroic crystals with basal 124 degree cleavage and oc- 

tagonal pyroxene outlines [see Plate XI (C)]. The greater part of it 

is a compact hornblende clearly secondary after pyroxene. There is 

no way of isolating sufficient pyroxene from the rock itself, nearly 

completely altered as it is, but the vestiges which remain and the 

pyroxene in the endomorphic rim of the rock are much the same as 

to color, cleavage, and extinction as the crystalline pyroxene on the 

contact. 

The following analysis of the pyroxene from the contact was 

made by Professor Phillips: 

SiO, —50.01 MnO = 0.29 
TiO, = 0.21 CaO =—19.97 
Al,O, = 3.02 MgO = 9.03 
Fe,O,= 4.80 Na,G == 2.68 

FeO = 989 K,O = 0.52 

100.42 
14 Op. cit., p. 187. 
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C. Amphibole with 1,240 cleavage and remnant of pyroxene outline C-8-a. 

Ordinary light, 20. 
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This is a diopside augite with a slightly higher percentage of soda 

than is usual. The optical properties are as follows: 

a = 1.698 + .003. 

B= 1.710 = 005. 

y= 1.726 = 003. 

y —a=0.030. Opt. (+), Non Pleochroic, Z/Ac= 44°. 

Evidently a solution rich in alkalies invaded the rock from within 

at some time during the formation of the contact metamorphic min- 

erals, but after the pyroxene had crystallized. The felspars formed 

during this period are richer in both soda and potash than those in 

the body of the rock. The felspar of the endomorphic rock is mostly 

a sodic plagioclase, as is that of the intrusive proper, and contains a 

very little microcline. The felspar on the contact is microcline and 

albite with some microperthite. Some of this is apparently inter- 

grown. with pyroxene, but all the well-developed crystals are super- 

imposed upon the pyroxene and appear to be younger. It is believed 

that the pyroxene crystallized before the felspar, though the two 

overlapped to some extent, and that the solutions of slightly later 

date which started the alteration of the pyroxene caused the forma- 

tion of the alkalic felspars of the contact as well. The percentages 

of the alkalies in the two are relatively very different, however. 

Potash predominates in the perthitic intergrowths by two and one 

half to one, while soda is twice as plentiful as potash in the amphibole. 

The per cent. of the alkalies in the microperthite is as follows: 

K.O =6.69; Na,O = 2.73. 

The great variation of the completeness of the alteration of the 

pyroxene to hornblende must be due to a slight variation in its com- 

position. Eskola** says: “It has been tacitly assumed that the py- 

roxenes by metamorphism most likely would be converted into amphi- 

boles. From the view of the facies-conception this statement must 

be much restricted, and we may say, that uralitization takes place 

when pyroxene bearing rocks are brought under the conditions of the 

amphibolite-facies. . . . But even in the rocks of amphibolite-facies 

the diopside may be a stable constituent, viz., in those rocks in which 

15 “ The Mineral Facies of Rocks,” Norsk Geologisk Tidsskrift, Kristiania, 

1920. 

PROC. AMER. PHIL. SOC., VOL. LXII, K, OCT, 2, 1923. 
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femic lime is present in excess over the hornblende ratio (in the 

simplest case CaO :(Mg, Fe) O::1:3). We may, in such a rock, 

find diopside seemingly in process of alteration to hornblende, and 

yet the diopside is not an unstable mineral. It is only unstable in 
the presence of an excess of magnesia, and in the case supposed the 

alteration had gone so far as possible at the composition given, and 

the rock had arrived at an equilibrium.” The ratio of CaO to 

(Mg,Fe)O in this pyroxene is about one to one. Presumably the 

alteration went as far as it could under the then existing conditions. 

From the completeness of the alteration in the body of the rock it 

must be supposed that the ratio was different, namely, that (Mg,Fe)O 

content was relatively much greater. It is quite in line with the 

probability, judging from the development of an endomorphic contact 

zone, that the per cent. of lime in the border pyroxerie is much greater 

than the per cent. of lime in the body of the rock, owing to the 

absorption of lime from the limestone. 

Apatite occurs in the body of the rock as minute euhedral crystals 

and also as much later, large, irregular, anhedral masses. 

The titanite is almost wholly anhedral and the individuals are 

large. 

The felspar of the rock is nearly all an alkalic plagioclase ranging 

between oligoclase-albite and andesine. Specks isolated from the 

rock were determined as follows: 

Oligoclase ans /Ksainy «bide cette a = 1.538 + .003. 

y= 1.547 + .003. 
Andesing (iin say a eae a = 1.546 + .003. 

y == 1,551 + 003; 

A good deal of the felspar is well twinned, but much has little or no 

sign of twinning even under the high power objective and is remark- 

ably clear. Determinations of the felspar on the contact surface were 

as follows: 

Microcline.:, oy ¢% aa a = 1.521 + .003. 

y == 1.529 + .003. 

Oligoclase-albite ............. gi== 1,533 + .003. 

y= 1.544 + .003. 
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Most of the readings for the sodic member showed it to be more 

nearly albite. Some of the felspar contains small, euhedral crystals 

of phlogopite. | 

Owing to the obscurity of the field relations this intrusive must 

be here regarded as an isolated fact. When the geology of the area 

is completed it is hoped that it will find its way into the intrusive 

sequence, but, for the present, it must be considered as a pyroxene 

diorite older than the porphyritic granite. 

69-C-—6-a. A large scale development of felspar, titanite, py- 

roxene, apatite, and scapolite crystals occurs disseminated along the 

contact between the intrusive described above and the limestone, in 

irregular pockets separated by relatively barren zones. The most 

noticeabi€exposure is on a face measuring 12 feet by 30 feet. This 

is at the southern end of the intrusive. The limestone has split away 

from the contact, thus exposing it, and the crystals form an intricate 

mesh on the slightly overhanging wall. Plate XII (4). 

Blue-green to yellow-green apatite from one quarter of an inch to 

six inches in length and one inch in diameter; stumpy, dark green 

diopside-augites three or four inches long and two inches thick, with 

rectagonal and octagonal cross-sections; badly weathered, large fel- 

spar crystals, and small well-preserved ones showing the dome, prism, 

and pinacoids ; poorly preserved, massive, silky gray scapolite ; granu- 

lar and minutely crystallized titanite; and interstitial pink calcite all 

occur abundantly, with the first two greatly predominating. The 

pyroxene and the felspar have been described under the rock minerals. 

The scapolite is a wernerite very near to meionite. It has a high 

birefringence and the following indices : » = 1.572 + .003, «== 1.549 

+ .003, o— «= .023. 

69-C-—6-b. Following north along the contact this regular devel- 

opment of minerals gives way to pockets of pyroxene, felspar, and 

titanite, with minor wernerite. There are several of these and there 

is one pocket of solid apatite. These minerals cut the diorite irregu- 

larly and form veins running a short distance into it. 

Just north of C-6-4, along the strike, there is a second small knob 

of diorite at the edge of which a tourmaline pegmatite dike occurs, 

and in the center of the open field directly east of that locality there 
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is an intricate mixture of limestone, pegmatite, and diorite. In the 

first case the pegmatite has done nothing but introduce some tourma- 

line and mica. The same irregular pyroxene-felspar contact is de- 

veloped in pockets running several feet back from the contact which 

is underground. In the second case it is impossible to extricate the 

one from the other. 

69-C-7. On the northwest end of the second locality mentioned 

in C—6—b there is a mica-bearing pegmatite dike cutting across the 

limestone. The east contact between the diorite and the limestone is 

hidden, but there are angular blocks composed of pyroxene and felspar 

along the surface. They measure as much as three feet by two feet 

and mark a thick contact zone. Quartz veins have penetrated the 

contact rock along the strike and have caused the formation of mica 

along their borders. These are evidently of a later date and have 

had.no part in the formation of the pyroxene and the felspar crystals. 

The limestone immediately to the south of locality C-6-a is 

coarsely crystalline and contains a very little graphite and occasional 

small lenses of pegmatite. The limestones of the whole region, as 

well as the intrusives and the contacts, are cut by many acid dikes. 

Thirty feet across the limestone valley from the mineral-covered sur- 

face C—6-a there is a rock composed of light green pleochroic horn- 

blende and brown mica, both drawn out into lines, generally un-. 

twinned felspar, granulated quartz, magnetite, and euhedral apatite. 

This looks like a quartz-mica schist in thin section, but in the field 

it is seen to be an injection gneiss formed by the intrusion of acid 

material into the diorite. 

Localities C-6-a and C-6-b are the only ones in this immediate 

vicinity entirely free from pegmatite intrusives, though it is at these 

places that the best minerals are formed. The contact at C-6-D is 

cut by a pegmatite dike, which does not affect the contact, but merely 

adds mica, and that at C-7 shows quartz veins of later age than the 

contact minerals. 7 

These circumstances make it impossible to seek the origin of the 

contact minerals in any relation to the acid intrusives. 

The facts that the diorite has suffered endomorphism (see Plate 
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B. Diorite cliff at C—8, Rossie. 
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6 (A)), that the minerals occur along its contact and grade into it, 

and, finally, that the same minerals, with minor variations, form the 

rock and the contact, make it evident that the mineralized area is due 

to the metamorphosing action of the diorite and its vapors on the 

limestone. 

The greater part of the contact is barren of minerals and here, as 

before, there is no variation of composition in either the limestone 

or the intrusive capable of accounting for such a variation in the 

formation of minerals. The magmatic solutions appear to have pene- 

trated the whole mass of the diorite, so that here, again, as in the 

granite contacts, the localization of contact action is due to the local 

presence of channels for the escape of carbon dioxide. The lime- 

stone is stable under metamorphic conditions and a vigorous reaction 

must take place between the two rocks in order that new minerals 

may form. Any inherent weakness in the limestone or any channel 

caused by intrusion will be the locus for the collection of mineralizers 

and the escape of carbon dioxide. Magmatic solutions containing 

water vapor, silica, hydrochloric, phosphoric, and titanic acids, soda, 

and probably potash and alumina, will enter the limestone and react 

with lime and magnesia, or among themselves, or crystallize by cool- 

ing. Some lime and magnesia will pass off along with carbon dioxide 

and some will enter the intrusive and enter into the composition of 

lime-magnesia silicates. 

More light is shed upon the relations of the pegmatite and the 

contact zones by another exposure of diorite one hundred yards north 

of C—6—a and west across a small valley. At this locality, C—8, see 

Plate XII (B), the contacts with the intrusive are exposed on all 

sides, though not everywhere continuously. A fifteen-foot cliff facing 

southeast shows a coarse diorite with a very narrow zone of coccolite 

surrounded by coarse, pink calcite which grades into white calcite four 

inches from the contact. Most of the surface of the intrusive is 

irregularly covered with quartz and a pink to white felspar which 

seems to lie between the intrusive and the limestone. Toward the 

north end there is a great development of black tourmaline. 

These quartz-tourmaline-felspar veins are continuations of peg- 

matite dikes which intersect both the limestone and the intrusive as 
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well as the narrow coccolite zone. The intrusive has the same com- 

position as at C-6-a, with the addition of slight amounts of wernerite 

and a little quartz, but no conspicuous mineralized zones are to be 

found. If the pegmatite were responsible for the minerals. it would 

seem that here where they are shown surrounding the diorite in a 

rough network and often lying between it and the limestone, as well 

as cutting both rocks, the mineral development should be greatest. 

The absence of anything but endomorphic effects and a narrow 

coccolite zone, plus some nodules of tremolite distinctly connected 

with the pegmatite and at a distance from the diorite, is an argument 

against the formation of the minerals at the other localities by the 

granite pegmatites. | 

Tue NATURAL BripGE DistTRrRIctT. 

The syenite in the immediate vicinity of Natural Bridge is the 

green augite syenite. A narrow, irregular belt of limestone runs 

through Natural Bridge and continues for two miles to the east and 

to the northeast. It is cut off to the north by a coarse, pegmatitic 

phase of the green augite syenite, but comes in again half a mile 

_ downstream. The augite syenite is composed predominantly of 

microperthite with a variable amount of augite which may form as 

much as half of the rock or may be nearly absent. Magnetite, titan- 

ite, and apatite are the common accessories and quartz varies from 

the role of a minor constituent to that of a major rock-forming 

mineral. 

This rock is highly gneissoid. The quartz is very generally 

strained and granulated and the pyroxene and felspar are frequently | 

fractured and optically strained. The pyroxene is altering to an 

aggregate of serpentine or chlorite, calcite, and hematite. The rock 

is intersected by dikes of hornblende syenite, coarse pegmatitic facies 

of pyroxene and felspar, and, toward its edges at least, by quartz 

microperthite dikes. 

69-V-1. The locality lying downstream from the cement bridge 

just north of the natural bridge is on a point between two forks of 

the Indian River—one flowing above ground and the other under the 
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natural bridge. This point is composed of limestone cut by syenite- 

pegmatite dikes of felspar, titanite, fine-grained mica, and some py- 

roxene. Many of the smaller ones are largely felspar and pyroxene 

with considerable titanite. One pegmatite knob eight feet high and 

lying fifty feet west of the river, on the point, is composed solely of 

felspar and blue quartz. 

These dikes are more or less intricately mixed with the limestone. 

Near the contact between the two, but generally in vugs in the 

syenite, there are frequent masses of crystallized diopside, micro- 

perthite, and titanite. The limestone doubtless extended into these 

cavities from above, but has long since been dissolved away. There 

are small, similar developments of silicates in the limestone itself. 

On the right bank of the river, directly opposite the last locality, a 

fairly regular contact between the dike and the limestone is exposed. 

The limestone is impregnated with pegmatitic material which sur- 

rounds coarsely crystalline calcite. Fifty feet downstream there is a 

finely banded, impure limestone which contains concentrations of 

graphite besides disseminated graphite, phlogopite, pyroxene, and 

felspar. A thin section cut from this rock showed a very pure lime- 

stone containing little graphite, but a considerable number of rounded 

pyroxene crystals. 

The minerals: 

eS eee rae a = 1.673 + .003. 

y = 1.702 + .003. 

PR ici es Ricihs cie een auas a = 1.530 + .003. 

y = 1.540 + .005. 

DMisroctiies: ioc io aos a= 1.523 + 003. 

y = 1.527 + .003. 

Microperthite—composed of microcline with inter- 
growths of albite or oligoclase. 

69-V-—2. At a point five hundred feet from the road, and the 

same distance south of the cement bridge, there is an isolated outcrop 

of a wollastonite, pyroxene, scapolite, schist. The relations of this 

outcrop to the surrounding rocks are entirely hidden. Under the 

microscope it shows no relic of its former self. 
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The minerals: 

Wollastonite ....... white, silky. 

a == 1.620 + .003. Extinction parallel. 

y= 1.634 + .003. y—a=.013. 

Wernerite ......... w = 1.578 + .003. Extinction parallel. 

e== 1,555 + 003; we == O28; 

Diopside .. 20.5.0. y = 1.697 + .003. The birefringence is 

high. 

69-V-3-d. Downstream from V—1, on the left bank of the In- 

dian River, two hundred feet above the dam and one hundred fifty 

feet west from the bank, there is an isolated exposure.of bright green 

pyroxene in a white, sugary meionite which holds small reddish 

specks of titanite. This rock can not be related to its surroundings, 

but its composition suggests that it is a thoroughly altered limestone. 

The minerals: ~ 

Meionite 5. ni dees wo = 1.588 + .003. 

«= 1.556+ 003. w—e= .032. 

Diopside-Augite ... a== 1.698 + .003. 

y= 1.725 + .003. y— a= .027. 

69-V—4. A little more than half a mile downstream from V-2, 

to the east of the road on the right bank of the river, there is an old 

quarry in a pure white limestone. The nearest exposure of igneous 

rock is a syenite lying two hundred feet northwest of the north face 

of the quarry. 

The marble here is very pure, with rare flakes of graphite and 

rounded pyroxenes, including shreds of calcite. A one- to two-foot 

band of brown weathering, dolomitic limestone passes through the 

north face of the quarry. This holds a little granular quartz, some 

much weathered diopside, and flakes of graphite, but is otherwise a 

pure magnesian limestone. This band contains a vein of dark, 

smoky, almost purplish calcite. The marble next to the brown band 

is pure white and holds the following minerals: green, serpentinized 

diopside, variable in hardness. Under the microscope this grades 

from a clear, colorless, very low birefracting mineral which gives a 

preponderance of isotropic sections and whose maximum and mini- 
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mum indices are 1.554 + .003 and 1.540 + .003, though no individual 

fragment gives so high a birefringence, to a comparatively fresh py- 

roxene with a birefringence of .027. Even the indices of this latter 

are low and it has all undergone some alteration. Thick pieces of 

the first variety show a dark blue, mat-like texture under crossed 

nickels. 

Blue, beautifully formed octahedra of magnesia spinel. These 

are generally very small, with sides averaging about one eighth of an 

inch in length, but an occasional one shows a side one half of an inch 

long. 

Brownish-pink diopside ; and a reddish-brown fibrous wollastonite. 

_ A number of loose boulders at the north side of the open end of 

the quarry contain more pink diopside and a deep reddish-brown 

wollastonite which simulates the dodecahedral crystallization of 

garnet. 

In the west face of the quarry there is an irregularly developed, 

greenish-gray rock projecting through the limestone. This is a thor- 

oughly altered rock which, both in the field and under the microscope, 

gives the impression of being an altered limestone layer. It contains 

pyrrhotite, residual pyroxenes which are pretty thoroughly chloritized, 

a little quartz, apatite, and phlogopite. Under the microscope one 

third of the rock is composed of good-sized, irregular crystals of a 

fibrous, brilliantly polarizing, altered mineral which appears to have 

parallel extinction. The fibrous character is frequently so well de- 

veloped that aggregate polarization occurs. The remainder of the 

rock is a brownish, closely woven mat surrounding small units of 

pyroxene and of the brilliantly polarizing mineral. This resolves 

into a dark, serpentinous groundmass with magnetite and calcite. 

Some of this calcite, along with serpentine and magnetite, must doubt- 

less be the result of the alteration of diopside, but more must be 

primary, as there is far too much of it for it all to have the first 

named origin. The highly polarizing mineral suggests scapolite, but 

there is no way to make sure. The rock then appears to be a ser- 

pentinized band of metamorphosed limestone containing originally 

pyroxene, scapolite, and a very little quartz, apatite, and mica. 

These disseminated silicates so far from the intrusive are strange 
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in this region. The syenite may lie nearer in a vertical than in a 

horizontal direction, but at any rate its effects are felt at some dis- 

tance out in the limestone. The white marble contains very rare 

grains of mica and graphite. Its content of lime is 54.47 per cent.; 

that of magnesia is only 1.13 per cent. 

The minerals are scattered in such a manner that the low per- 

centage of magnesia in the limestone seems sufficient to supply all of 

that oxide required. Lime, of course, is plentiful. With the excep- 

tion of the spinel and possibly the scapolite of the serpentinized layer 

the minerals are non-aluminous, but these require some slight addition 

of alumina, and scapolite also requires chlorine. Beyond this the 

only requirement of magmatic addition is silica. 

There is no way to ascertain the origin of the magnesia which 

enters into the process of serpentinization or that which is present in 

the band of dolomite. The regular quality of that band precludes the 

possibility of its being an original phenomenon in a limestone which 

has been folded, disrupted, and recrystallized, and the magnesia is 

believed to represent an addition from magmatic sources. 

The minerals : 

Dolomite .....a== 1.675 + .003. Effervesces with strong 

acid. 

Pyroxene ....a== 1.647 + .003. Soft, green, serpentinized. 

y = 1.674 + .003. y—a=.027. 

Wollastonite .. brown. 

a= 1.625 + .003. Gelatinizes. 

y = 1.641 + 003. y—a=—.016,ZAc=27°. 

Diopside ..... pinkish. a= 1.670 + .003. 

y= 1.701 + 003. y—a=.031. 
Spinel: s)he blue. »== 1.718 + .003. 

69-W-5. One mile east of Natural Bridge and north of Blan- 

chard Creek, between two old limestone quarries and the road, there 

is a blasted pit on the-syenite-limestone contact. So much excavating 

has been done here that the shape of the contact mass is obscure, but 

as seen at present the minerals are best developed immediately at the 

contact and in tongues projecting into the syenite. 

The chief minerals developed are green diopside and titanite ; also 
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a well-crystallized, light-green scapolite, microperthite, wollastonite, 

coarsely crystalline calcite, small, light purplish diopsides, and dis- 

seminated phlogopite. 

Two hand specimens of the immediate contact were obtained. 

These show well-crystallized, light-green meionite and some dark- 

green pyroxene and titanite forming a bridge between the two rocks. 

They grade rather gradually into the syenite, but cease abruptly on 

the limestone side. The limestone for some distance from the contact 

is thoroughly impregnated with small meionite and diopside crystals. 

The greater part of the contact, however, is nowhere nearly so sharp 

as that. A massive pyroxene rock with coarse white calcite and 

granular titanite, with an occasional crystal an inch in cross-section, 

and fine, light, pink-brown diopside, intervene between the limestone 

and the intrusive. There is considerable fine-grained phlogopite dis- 

tributed throughout all the contact material. Macroscopically the 

syenite itself is an aggregate of felspar and pyroxene with minor 

quartz and titanite. The pyroxene and titanite increase greatly in 

amount as the pyroxene-titanite contact rock is approached. So 

great, in fact, are the endomorphic effects that it is hard to separate 

the two rocks. A slide cut from a specimen three feet back from the 

contact showed predominant microperthite, light-green pyroxene with 

a low extinction angle, titanite, granular quartz, and sodic plagioclase, 

with apatite and pyrrhotite as minor constituents. The microperthite 

contains minute veins and specks of calcite. This coupled with the 

diopsidic character of the pyroxene indicates that the effect of the 

interaction with limestone penetrated at least that far into the syenite, 

Where the contact material is predominantly meionite the syenite 

suffers no such a change. No sharp division as to location can be 

drawn between the two types. 

The minerals are all intergrown and approximately of the same 

age, though titanite appears to have formed before meionite, as it 

occasionally occurs as inclusions within the latter. 

The minerals: 

Meionite ....green. 

e== 1.552 + .003. w-—e=.032. Opt. (—). 

Parallel ext. 
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Felspar ...... microperthite-microcline. a=1.531 + .003. 
y= 15212 Gee: 

plagioclase. 

Pyroxene ....dark green. 

a = 1.677 + .003. rie 

y = 1.702 + .003. ZAC==43°.; 

pinkish. Diopside. 

ac= 1,677 +..005 y—a= 025. 

y= 1.702 + .003. ZAcs=41*, 

Wollastonite .. a= 1.619 + .003. Extinction generally paral- 

y = 1.631 + .003. lel. Maybe up to 5. 

y—a=.012. 

69-W-6. One quarter of a mile farther west, through the fields, 

parallel to the road, on a southeast slope, there is an irregular ex- 

posure of a contact rock over one hundred yards long. The limestone 

and the syenite are not shown in actual contact here, but one glance 

suggests that it is a linear development of a contact similar to that at 

W-5. It is composed of a coarsely crystalline aggregate of felspar 

and pyroxene with granular titanite and makes a striking green and 

white rock with here and there a mat of pinkish-brown diopside. 

The limestone is impregnated with the same silicates and they are 

also frequently gathered into nodules. The coarse-grained, white 

limestone is very pure, but there are many fine-grained bands which 

are full of diopside and titanite. A zone of clear blue and green 

calcite parallels the contact about one hundred yards away from it. 

The actual relations in the field are obscured by sod and soil, but 

it is clear that this mineral zone lies along the contact, the minerals 

being due to a concentration of magmatic agents along the border of 

the intrusive. These caused a coarse crystallization immediately at 

the contact and a fine development of the same minerals in bands at a 

greater distance. 

The minerals : 

Felspar-microperthite-microcline. 

albite. a == 1,531;4: Oe 

Titanite. y = 1.539 + .003. 

Diopside—pinkish-brown. a == 1.673 + .003. 

y = 1.700 + .003. y—a= .027. 
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_Diopside-augite—dark green. 

a = 1.698 + .003. (Analysis on p. 159.) 

y= 1.710 + 003. y—a=—.012. 

Directly south of W-—5, toward the railroad and Blanchard Creek, 

there are two old quarries in the limestone. The predominant marble 

is a gray one which effervesces strongly in dilute hydrochloric acid. 

Besides this there are pink, white, and brown bands which are harder 

and show little or no effervescence. The brown bands generally lie 

above and below, or next to a visible fissure in the rock, and are 

believed to be due to weathering of the dolomitic content of the white 

bands. Besides these variations in the magnesia content the lime- 

stone contains lenses and knots of quartz, felspar, and diopside very 

similar to those in immediate relation to the contact at W-6. There 

is a syenite mass two hundred feet away to the north. Five hundred 

yards to the northeast there is another small abandoned limestone pit. 

The rock here is very white, but contains a far greater amount of 

impurities in the form of phlogopite, some serpentinized diopside, 

and small dikes and nodules of quartz and felspar. These latter are 

clearly of pegmatitic origin and, as the syenite lies only twenty feet 

farther to the northeast, the increase in siliceous impurities in this pit 

appears to be directly attributable to its presence. This suggests that 

the irregular nodular impurities in the other pit have the same origin. 

Summing up this region of syenite-limestone contacts, we find 

that the minerals developed are less in number than was found to be 

the case in the granite area. Green and pinkish-brown diopside, 

white and red-brown wollastonite, titanite, meionite, wernerite, micro- 

perthite, quartz, and blue spinel are all that were found. To these 

must be added zircon, reported from these localities by Dana and 

Nims, and gieseckite, a pseudomorph after nephelite, formerly found 

near Natural Bridge. Chondrodite, tourmaline, and amphibole are 

completely lacking. Apatite was found in one place only and then 

in very minor amounts. 

The development of minerals is, with a few exceptions, concen- 

trated along the border of the intrusive and in the immediately ad- 

jacent limestone. Titanite, felspar, and pyroxene are the most abun- 

dant contact minerals. The titanite is the same as that in the in- 
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trusive. Pyroxene becomes diopsidic at the contacts due to the ab- 

sorption of lime. The felspar of the contacts is a microperthite 

composed of microcline and albite or oligoclase-albite. Apatite has 

a considerable development in the intrusive itself, but does not occur 

as a contact mineral except in the one altered band in the quarry V-4. 

The widespread dissemination of quartz and felspar of pegmatitic 

origin, so noticeable in the granite area, is lacking here. The great 

numbers of pegmatite dikes with which the quartz-tourmaline dikes 

and veins are associated are also absent. On the other hand, there 

is a coarsening of the intrusive along the contact, a tendency toward 

rather large and regular reaction zones between the intrusive and the 

limestone, prominent endomorphic effects, occasional disseminations 

of silicates at a distance from the syenite, a few big dikes of quartz 

and felspar in the limestone, without visible contact effects, and many 

small pyroxene and felspar dikes which are apparently confined to 

the intrusives. 

This would seem to result from the intrusion of a magma fairly 

poor in mineralizers into a deep-seated mass of limestone. The 

marble was too pure and stable under metamorphic conditions to 

suffer a general alteration. Highly heated vapors, mostly water- 

bearing silica, hydrochloric and titanic acids, some soda and potash, 

and, locally at least, some magnesia, entered the limestone. This 

occurred probably only locally where shattering accompanying in- 

trusion had locally lowered pressures, opened channels, and allowed 

free escape to carbon dioxide. The added material reacted with lime 

and magnesia and any slight impurities which may have been present. 

In a like manner some of the lime and magnesia passed into the 

intrusive to mingle with its magmatic constituents to form the endo- 

morphic zone. Very locally there must have been zones of extensive 

interchange between the limestone and the syenite. 

_ The minerals are all intergrown and belong to one period which 

may have extended through considerable time. 

The heated condition of the limestone, buried to considerable 

depth, and the presence of active gaseous solutions, favored the for- 

mation of large crystals. 
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SUMMARY OF THE MINERALS. 

_ The mineral groups represented in this area are few and fairly 

constant. Minor variations are found in all of them from place to 

place and even in the same locality. 

The Micas: No attempt was made to differentiate the micas which 

occur so widely in this area. Dana *® says: “ (Phlogopite is) a mag- 

nesia mica near biotite, but containing little iron. Potassium is prom- 

inent as in all the micas, and in most cases fluorine. While phlogo- 

pite can not be sharply separated from biotite, its character and 

method of occurrence are so far constant and peculiar that it is most. 

naturally placed by itself, while perhaps not deserving the rank of an 

independent species.” Again: “ The phlogopites are quite liable to‘ 

change, loosing their elasticity, becoming pearly in lustre, with often 

brownish spots as if from the hydration of the oxides of iron.” 

It was found to be impossible to distinguish definitely between 

phlogopite and biotite by optical means or by the color, and as 

analyses of the micas of this region listed in Dana and in Iddings ** 

place them as phlogopites, it is considered best to accept Dana’s gen- 

eral classification. 

Phlogopite is typically tower in ferrous iron and higher in mag- 

nesia than biotite, but no sharp distinction can be made here any 

more than in the optical properties. 

As a rule the micas of this region are bronze or reddish brown, 

but deep brown, nearly black ones are not hard to find. They all 

frequently alter to a white, pearly lustred mica and lose their flexi- 

bility. 

The Pyroxenes: The question of the pyroxenes is also a compli- 

cated one. So many factors enter into the composition of these min- 

erals that optical tests alone are not always sufficient to determine the 

exact member of the series. As the indices of refraction of a py- 

roxene increase from those characteristic of diopside there comes a 

point where it is impossible to separate the diopside-augite from the 

diopside-hedenbergite series. The value of the extinction angle rises 

for both series as well, so that recourse must be had to chemical 

analysis. 

16“ A System of Mineralogy,” pp. 633-637. 

17 “Rock Minerals,” by J. P. Iddings. 
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The pyroxenes in the limestones and in the contact zones have, 

with few exceptions, been regarded as diopsides. ‘Those associated 
with the granite-limestone contacts are light green to white through 

hydration. They have an average value for y of about 1.699, with 
1.715 as the highest. The extinction angle is between 37° and 40°. 
These are clearly diopsides low in both iron and alumina. 

In 1896 Heinrich Ries * published a paper on the monoclinic py- 

roxenes of New York State in which he discussed the augites and 

diopsides of the Adirondack region as a whole. He draws an arbi- 
trary distinction between the two according to the percentage of 

alumina. All pyroxenes with three per cent. and over of alumina he 

calls augites, while all with less than three per cent. he calls diopsides. 

Ries places several pyroxenes in the granite area under augite, 

but in none of these cases are analyses or optical properties given. 

He apparently based his distinction on color, and the localities, de- 
scribed as “ one mile southeast of Gouverneur,” etc., are too indefinite 

to allow of any checking of his descriptions against the new material 

collected. 
The following two analyses were published by Ries along with 

optical determinations. Only the indices of refraction are given 
here. These are both from the granite area and are given as diop- 

sides. 
DeKalb. Russel green, glassy crystals. 

TN toy Cora ee POEDa | 5. nt coadeldan 54.94 
| ep ER CY Ser POS Wisreeaise 1.29 
yt Eeerirem ne. 8°" @ Fee ss 25.38 
SEU 205 chien May. ciicwsss 17.60 
CFR ccd sates ALOE cxragerae 242 
OAR as deen AME. se rer? 0,28 
Sh Re apipbapyd Ign 

99.63 101.91 

a= 1,667 a = 1,662 
8 = 1.674 6=1,671 
Y= 1.696 Y = 1.694 

He also reports diopside as from Edwards, Macomb, Pierrepont, 
and Russel, but gives no analyses. 

18“ The Monoclinic Pyroxenes of New York State,” Heinrich Ries, Con- 
tributions from the Mineralogical Department of Columbia University, Vol. 
VL, No. VI., 1896. 
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The pyroxenes associated with the syenite have an average ex- 

tinction angle of from 41° to 44°, but their indices of refraction 

average only very slightly higher than those of the granite area. The 

greater part have a value for y lying between 1.699 and 1.702. The 

two following analyses are taken from the same paper as the above. 

Pitcairn. Ashmere Farm (Natural Bridge). 

Oi > Beard Ue pence See Weak etc *, 53.97 

BOOS Si ceils cus bo Leer Tee 8.63 

PT Se aoe COUN, cucu ea aes 23.96 

Woke s is vie ics 1 8 Ae as 17.32 

OE ast sis bre FIRS 6 esa tentss 4.94 

pets eRe Eee Fedas SARL OR 

2, Sa a eae Alks 

SER Se a Ign 

_ No optical properties are given with these two analyses, but they 

show the higher alumina in the pyroxenes of this region than in those 

of the granite area. The following two partial analyses give the per- 

centages of iron and alumina in the pyroxenes occurring in two of 

the important contact areas of this region. 

W-6. W-5-d. 

TiO, = 0.24 TiO. = 0.16 
Fe:0; = 4.32 ALO; = 1.68 
ALO; = 3.31 FeO; = 2.40 
FeO =6.10 FeO =5.43 
MnO =0.10 

W-6 is darker and has higher indices, but a lower birefringency, 

than W-5-d. For W-6, a= 1.698 + .003, y= 1.710 + .003. For 

W-5-d, a = 1.677 + .003, y= 1.702 + .003. 

The per cent. of Al,O, in W-6 is above the arbitrary value estab- 

lished by Ries for distinguishing diopside from augite. Total iron 

is not very high in either one. Owing to the fact that the pyroxenes 

of this whole region grade from more or less pure diopsides to py- 

roxenes with a notable percentage of alumina and iron, it is considered 

best here to call those near the dividing line, as W-6, diopside- 

augites rather than augites. 

The Amphiboles: The amphiboles are not nearly so widely dis- 

tributed as the pyroxenes. In the granite area twenty-one localities 

PROC. AMER. PHIL. SOC., VOL. LXI, L, OCT. 3, 1923. 
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are described which contain amphiboles. Of these eleven are tremo- 

lite and ten are hornblende. The tremolite is invariably white and 

_ silky and its greatest and least indices rarely vary much from 1.625 

and 1.600. Its extinction angle averages about twenty degrees. The 

hornblende varies considerably in color. It is generally the dark, 

silky variety known as pargasite. The indices are variable and the 

extinction angle, exclusive of the Rossie hornblende, varies between 

seventeen and twenty-five degrees. The peculiar alkaline hornblende 

at Rossie has been previously described. 

Tremolite does not exist in connection with the Rossie diorite and 

neither tremolite nor hornblende is found in the contact zones of the 

syenite around Natural Bridge. It is impossible to say from nega- 

tive evidence that amphibole never occurs as a syenite-limestone con- 

tact mineral, but as neither Nims nor Dana mentions its presence at 

either Pitcairn or Diana—the two noted syenite contact localities—it 

is pretty definitely established as absent. . 

The role played by magmatic solutions is clearly displayed in this 

relation. The syenites are comparatively poor in mineralizers and 

aqueous vapor. Their contact effects are less widely distributed than 

those of the granite, and amphibole, a product of comparatively low 

temperature requiring the presence of heated aqueous solutions, is 

absent, whereas pyroxene, the higher temperature mineral, is abun- 

dant. 

The diorite at Rossie was originally a pyroxene rock and the horn- . 

blende developed there is secondary. 

The granite, rich in magmatic solutions and probably intruded at 

a lower temperature, developed great quantities of amphibole as well 

as pyroxene along its borders. 

The Scapolites: The scapolites are very irregular in their occur- 

rence. Nearly all of those represented fall within the limits of the 

two types, missonite and wernerite, as given by Iddings,’® but they 

are often on the upper or lower limits of these types, on the line be- 

tween meionite and wernerite or missonite and marialite. Some are 

true meionites or marialites. 

19 “ Rock Minerals,” by J. P. Iddings, p. 257. 
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Scapolite occurs in great profusion in the granite area as distinct 

crystals, but chiefly, along with diopside and phlogopite, as aggregates 

completely replacing limestone, or in nodules with phlogopite and 

tourmaline. Marialite and missonite predominate in the nodules, but 

meionite is occasionally present, and in one case meionite, wernerite, 

and missonite occur nearly juxtaposed. 

It is impossible to explain this variation except in solutions con- 

taining variable amounts of soda and in the formation of scapolite 

over a long enough range of time to allow the different ones to be 

deposited from solutions of different concentration in almost the 

same place. 

The scapolites found with the syenite and diorite are all high in 

the meionite component. Most of them are true meionites. This 

would seem to indicate a greater concentration of soda-bearing solu- 

tions with the more acid rocks. In the absence of a high concentra- 

tion of soda the excess of lime from the limestone controls the for- 

mation and the calcium-scapolite meionite forms. The presence of 

sufficient chlorine in the solutions is shown by the large amounts of 

apatite and chondrodite associated with the granite intrusives, and 

the apatite in the syenite and diorite. 

J. Stanfield *° explains the occurrence of a quartz-scapolite pegma- 

tite in limestone as follows: “ The pegmatite before consolidation 

assimilated a small amount of the limestone into which it intruded, 

and the assimilated lime gave rise to the lime bearing silicate scapolite, 

instead of orthoclase as in the rest of the vein. The chlorine re- 

quired for the formation of the scapolites was an original constituent 

of the pegmatite. . . One case has been noted in this paper where 

a small dike of granite crystallized as scapolite and hornblende where 

it was intruded into limestone (see F—2). This was an endomorphic 

change in the granite magma in which assimilation of lime doubtless 

played the major part. Whenever a reaction involving the passage 

of magmatic material into limestone has taken place there is usually 

an accompanying zone of endomorphism. Sometimes apatite and 

tourmaline alone are formed, but more often diopside and frequently 

” 

20“ New Mode of Occurrence of Scapolite,”’ The American Journal of Sci- 

ence, Vol. XXXVIIL., July, 1914. 
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tremolite crystallize in the intrusive. Lime freed by the driving off 

of carbon dioxide must then in part enter the igneous body. 

J. Stanfield ** considers the occurrence described by him as having 

an important bearing on the formation of rock types by assimilation. 

To quote: “ It shows that in the case of even a small vein of pegma- 

tite, such as is usually regarded as being intruded at low temperatures, 

speaking relatively of magmatic temperatures, the absorption of lime 

from a limestone country rock can take place, and that also, which is 

the important point, the absorbed lime may go toward the formation 

of lime silicates and not merely be redeposited as calcite. If assimi- 

lation may take place on the small scale represented in the occurrence 

(involving only a few cubic feet of magma), it is probable that on 

the larger batholithic scale it may play an important part in the change 

of the average composition of a large magma reservoir, and so be- 

come an important factor in the differentiation of rock types.” 

The occurrences described here are believed to show beyond ques- 

tion that lime and also magnesia are absorbed into the magma, and 

that they are redeposited as endomorphic lime-magnesia silicates, but 

the sum total of all such reactions where there is an endomorphic 

contact zone is very small. The region appears to be an ideal one 

for the development of assimilation because of deep burial and sus- 

tained high temperature, yet the rdle which it has played is so re- 

stricted and it is so completely lacking in the power to form unusual 

derivatives as to suggest rather the very local and limited power of 

assimilation to engender new rock types. 

The Tourmaline: The tourmalines are all iron-magnesia tourma- 

lines. Brown and black ones occur indiscriminately in limestone or 

in pegmatite. Only black is known to occur in the body of the 

granite away from any possible influence of the limestone. The per- 

centage of ferrous iron determines the depth of color, and as the 

tourmaline becomes darker its indices of refraction rise, but the 

birefringence remains the same. The percentage of magnesia appar- 

ently has little effect on the color, though there is a general tendency 

for magnesia to rise as ferrous iron falls and vice versa. The Pierre- 

pont black tourmaline retains as high as 11 per cent. MgO with 8 per 

21 Op. cit., p. 40. 
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cent. FeQ; while the DeKalb black has only 3.49 per cent. MgO with 

12.55 per cent. FeO. The presence of so high a magnesia content in 

the Pierrepont tourmaline must be directly connected with the fact 

that it occurs partially in a gangue of dolomite. 

The brown tourmalines are lower in iron and higher magnesia 

than most. The following analyses are from Dana’s “ A System of 

Mineralogy,” pp. 554-555. 

SiOz. | B:0s. | AlOz.| FeO. | Mg0.| Ca0.|_F. 

Gouverneur Brown............ 38.85 | 8.35 | 31.32 I.I4 | 14.89 1.60 

Gouverneur Brown............ 37-39 | 10.73 | 27.79 | 0.64 | 14.09 | 2.78 tr: 
Beeerenont Black... ose en 36.64 |. 9.55.| 27.18 | 9.08 | 10.13 2.01 
Peerepont Black. .......60..... 35-61 | 10.16 | 25.29 | 8.19 | 11.07 | 3.31 | 0.27 
Beem Black... 2... et. *.-| 37-07 | 9.70 | 31.86 | 12.55 | 3-49 Be 77 0.31 
DeKalb Colorless.............. 36.88 | 10.58 | 28.87 | 0.52 | 14.53 | 3-70 | 0.50 

The magnesia of the brown tourmalines in the dikes may be due 

to the absorption of limestone or it may be a magmatic addition. 

Certainly, though the average percentage of magnesia in the lime- 

stone is very low, especially in view of the greater chemical activity 

of magnesia than of lime, there is sufficient to be gathered by the 

ascending vapors and later deposited as tourmaline. The presence of 

zoned crystals, which must have crystallized by cooling, in limestone 

with a center of brown tourmaline and a rim of dark brown or black, 

shows that the magnesia was not picked up by the tourmaline in any 

reaction with limestone while crystallizing. If this magnesia was 

picked up from the limestone, it must have been acquired during the 

passage of the vapors along the channels through the limestone. The 

dolomite matrix at Pierrepont is so local that it can not be an original 

feature. On the contrary, its occurrence suggests that it is due to 

magnesia rich solutions accompanying the tourmaline. 

Graphite: There are a number of papers discussing the origin of 

graphite in crystalline limestones, particularly in the Adirondacks, and 

it is not the writer’s intention to enter into that controversy in this 

paper. However, graphite is so continuously present among the con- 

tact metamorphic minerals of the region that its mode of occurrence 

must be noted. 

Graphite occurs as inclusions in all of the silicates, as flakes of 
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considerable size intercrystallized with the contact silicates in nodules, 

as linearly developed bands parallel to contacts, and as concentrations 

in and at the edge of pegmatite dikes and quartz veins. In the area 

about K-11 and K-12 it is frequently the only mineral that accom- 

panies quartz and it frequently imparts a dark, dirty aspect to the 

limestone. 

It is evident, then, that whatever form the carbon may have had 

before the contact metamorphism took place, the intrusions have 

played a part in concentrating it. It is recognized that oxides of car- 

bon are soluble in water and silicate solutions under pressure and, 

whether the carbon comes from the original carbonaceous matter in. 

the limestone, from the breaking down of calcium carbonate, or in 

part from the magmatic solutions themselves, it will travel with those 

solutions and, upon cooling below about six hundred degrees centri- 

grade, it will crystallize out as graphite. It is possible, then, that 

much of the flake graphite, widely scattered in the crystalline lime- 

stone, owes its origin’ to the same solutions that caused the formation 

of phlogopite, diopside, tremolite, and later, quartz. 

The Felspars: The characteristic felspar of the region is a micro- 

perthite. Microcline and albite occur singly and as intergrowths and 

make up the greater part of the microperthite. The indices of re- 

fraction of the felspars were used to separate them and, whenever 

possible, the components of the microperthite were determined. 

In the granite area microcline and albite are found in equal quan- . 

tity. Orthoclase and microperthite are about half as plentiful, and 

andesine is recorded twice, accompanied once by albite and once by 

microcline. Albite occurs wherever microperthite is found and the 

potassic component is either microcline or orthoclase. In one case 

orthoclase, microcline, microperthite, and albite occur together. 

At Rossie the characteristic felspars in the contacts are microcline, 

albite-oligoclase, and microperthite; in the diorite itself, oligoclase- 

albite or andesine. 

In the syenite microperthite is the predominant felspar with micro-— 

cline and albite usually present. The felspars developed along the 

contacts are similar. No zoned felspars were found anywhere. 

The general tendency for the felspar to occur as a contact mineral 
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in the syenite contacts and at Rossie is in sharp contrast with the 

granite area. Except for the microcline and albite accompanying 

quartz as a replacement of limestone, and occasional scattered felspar 

crystals in this rock, the felspar of the granite area is confined to the 

dikes and veins of pegmatite and to the granite. 

H. L. Alling ?? concludes that pressure does not produce micro- 

cline from orthoclase, but that it initiates and accelerates the change. 

The preponderance of microcline over orthoclase in this area where 

some disturbance has taken place since the formation of the felspars 

is in accord with his conclusion. The prevalence of microperthite 

which, according to the same author, is due to “exsolution” from a 

metastable state, would seem to be normal in a region of initial high 

temperature and slow cooling under heavy cover. The completeness 

of the separation of the soda-lime component from the: potash com- 

ponent should be controlled by time, but even more by the length of 

time during which a high temperature prevails. 

Apatite: Apatite is one of the first minerals to crystallize in the 

syenite magma, but by far the greater part of its components pass 

over into the granite, which, as was stated in the summary of the 

geological history of the region, is believed to be a later member of 

the same intrusive sequence, and thence into its magmatic solutions. 

It crystallizes as an accessory in the granite and in both the endo- 

morphic and exomorphic contact zones, rarely going far from the 

intrusive mass. It never occurs in the contact deposits formed by 

the syenite except in the altered band in the quarry V-4. In this 

case it was carried by solutions emanating from the syenite. 

Titanite: Titanite, in its behavior, is almost the direct opposite of 

apatite. It crystallizes in the syenite and is abundant in the syenite 

contact zones. Some passes over into the granite magma and crystal- 

lizes in the granite or its dikes at or near the contact; but only in one 

case does it pass out into the limestone from the granite, as at K—5-b. 

Possibly the titanium needs an addition of lime from the limestone 
as well as the silica of the granite to form titanite. 

Both apatite and titanite occur plentifully in the Rossie diorite 

and in its contact zones. 

22“ The Mineralography of the Felspars,” Pt. 1, The Journal of Geology, 
Vol. XXIX., No. 3, p. 209. 
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Spinel and Chondrodite: These two minerals form the only con- 

stant association over the whole region. It is a common association 

which has been described many times. Spinel never occurs here 

without chondrodite or its alteration product serpentine, or both. 

Chondrodite, on the other hand, may occur without spinel. They are 

both magnesian minerals, but have not been found in the company of 

tourmaline. 

Spinel has been formed artificially by several means, two of which 

require the presence of boracic acid. It is possible that spinel and 

the fluosilicate chondrodite might form here in the presence of boracic 

acid where considerable magnesia and hydrofluoric acid existed. 

When magnesia was lower chondrodite alone would form. Just what 

relation between magnesia and boracic acid or perhaps temperature- 

pressure conditions would bring about the formation of tourmaline 

instead is impossible to say. 

Serpentine: Serpentine is found as an hydration product of chon- 

drodite and diopside throughout the region. 

Pyrrhotite: Pyrrhotite occurs as grains and small crystals scat- 

tered throughout the limestone at a few of the contacts and as an 

_ accompaniment of some of the quartz dikes, which are later than the - 

pegmatites proper. It is a high temperature mineral and is the only 

sulphide found in these occurrences. Its presence here to the exclu- 

sion of pyrite, which may be formed under a variety of conditions, is 

another indication of the high temperature origin of the deposits. 

SUMMARY. . 

General—(1) The region is one of Pre-Cambrian rocks. The 

oldest of these are the Grenville sediments. There is no known top 

or bottom to this series. The crystalline limestone in which the con- 

tact metamorphic minerals occur is a member of this formation. 

(2) Subsequent to the deposition of the sediments there came a 

period of regional metamorphism. 

(3) This was followed by at least two series of igneous intru- 

sions. 

a. Gabbro and granite. 

b. Anorthosite-syenite-granite-gabbro. 

These are all more or less metamorphosed. 
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(4) This was followed by a long period of erosion which left the 

surface substantially as it is today. The overlying paleozoic sedi- 

mentary capping has not yet been entirely removed. 

(5) The contact and contact regional metamorphism of the lime- 

stone due to these intrusives has been superimposed upon the older 

regional metamorphism. 

(6) This paper deals only with the scattered metamorphic effects 

of the syenite and granite of the later period along with those of a 

diorite of unknown affiliations. 

(7) There are many miles of barren contact between the lime- 

stone and the intrusives. 

(8) The contacts are of three kinds: 

a. Narrow bands of thoroughly altered limestone. 

b. Pockets at or near the contact and others far out in the limestone. 

c. Disseminated minerals and nodular aggregates of minerals in cer- 

tain areas of limestone. 

Both of the first two are accompanied by considerable endomorphism. 

(9) The development of metamorphism is patchy and irregular. 

There are no well-defined zones of metamorphism to study. 

(10) The problem is one of linking a certain set of metamorphic 

phenomena to one intrusive or to a certain set of intrusives, of accu- 

rate description of the various local developments of minerals, and of 

the presenting of data bearing upon the relative value of recrystalliza- 

tion and of magmatic additions. 

(11) Contact metamorphism is taken to include all those changes 

produced in the country rock by the intrusion of igneous magmas, 

whether by simple recrystallization due to heat and dilute vapors 

already in the rock, or to the introduction of magmatic substances, or 

both, as well as the endomorphic changes in the intrusive itself. 

(12) Endomorphic effects are common. As a rule the contact 

zones developed along the junction between the intrusive and the 

limestone grade gradually into the intrusive, but end abruptly against 

the limestone. 

(13) Evidence is given by amphibole and wollastonite that the 

minerals of the syenite contacts were formed at a higher temperature 

than those of the granite contacts. 

\ 
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The Granite Area-—(1) There is a multiplicity of detail, but 

underlying it a general similarity. 

(2) There is a great deal of barren contact and all three forms 

of contact mentioned above occur. 

(3) The metamorphic effects are mostly due to the pegmatites, 

the quartz veins, and their derivatives. 

(4) The rare elements, so often characteristic of pegmatites, are 

lacking. 

(5) Definite mineral associations are few and evidences of se- 

quence of formation are lacking except in the case of the late develop- 

ment of quartz and felspar. 

(6) The problem is to determine what brought about the forma- 

tion of these minerals, their peculiar distribution, and their absence 

over such long sections of the contact. | 

(7) Differences in composition of the limestone and the intrusive 

are not competent to explain it. 

(8) The limestone is too pure. It does vary slightly in magnesia 

and in silicate content. The amounts of the latter are hard to deter- 

mine, as the contact metamorphism has fairly well hidden the effects 

of the former composition and of the original metamorphism. 

(9) The limestone at the start of the contact metamorphism was 

coarsely crystalline, contained bands of quartz, and some disseminated 

phlogopite, diopside, tremolite, and carbonaceous matter. 

(10) The presence of chondrodite and tourmaline among the dis- 

seminated minerals shows the activity of the mineralizers. Large 

quantities of these latter were squeezed out into the limestone. 

(11) The localization of the contacts is caused by local fractures 

in the limestone due, in part, to the act of intrusion. 

(12) Shattered zones along the contact give the completely altered 

bands. Crushed zones, at a distance from the intrusive, but con- 

nected by fractures, give the pockets at the contact and at some dis- 

tance from it. Lastly, fractures running out into the limestone give 

the disseminated silicates and the pneumatolitic minerals. These are 

all doubtless connected with granite in depth. 

(13) The following minerals occur in the contact zones: diopside, 

tremolite, hornblende, phlogopite, marialite, missonite, wernerite, 
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meionite, chondrodite, spinel, apatite, titanite, brown and black tour- 

maline, fluorite, quartz, graphite, and very rarely, microperthite. In 

the dikes : quartz, microcline, albite, microperthite, orthoclase, titanite, 

and apatite. 

(14) These minerals show an abundance of vapors, probably dis- 

solved in water, such as hydrochloric, hydrofluoric, and boric acids, 

along with silica, phosphorus, soda, and alumina, with some potash 

and magnesia. 

(15) These vapors varied from time to time, although there is 

no proof of any progressive variation. 

(16) Intergrowths of pyroxene and amphibole, the close prox- 

imity of different scapolites and brown and black tourmalines, prove 

the variation in composition of the solutions and necessitate their 

activity through a considerable period of time. 

(17) Calcite forms the host for the silicate minerals and is fre- 

quently recrystallized with them. 

- (18) Last of all, quartz and felspar are deposited in the limestone 

by metasomatic replacement, in the form of long, narrow veins. 

(19) At some time later these same minerals were strained and 

granulated, calcite was recrystallized and replaced quartz and felspar 

to some slight extent. This replacement also took place occasionally 

in the case of the silicates. g 

Rossie—(1) The intrusive is a mica hornblende diorite. The 

hornblende is secondary, but the felspar is too alkalic for a gabbro. 

Therefore the rock must have been a pyroxene diorite. It is older 

than the porphyritic granite. 

(2) The contact minerals occur on one large face and in local 

pockets. Endomorphic effects are marked. There is no metamor- 

phism at any distance from the intrusive. 

(3) Pyroxene, apatite, scapolite, and titanite are of one period. 

A later accession of alkaline solutions caused the alteration of the 

pyroxene to an alkali hornblende and brought about the formation of 

the alkaline felspars. These periods overlapped. 

(4) The amount of the alteration of the pyroxene in certain 

localities is probably controlled by its composition. 

(5) The character of the limestone and of the intrusive is far 
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too regular to account for the great irregularity of the contact effects. 

(6) This localization of the contacts is controlled by fractures in 

the limestone probably caused by the act of intrusion. 

(7) Magmatic additions consist of water vapor, silica, hydro- 

chloric, titanic, and phosphoric acids, and later soda and potash with 

probably some alumina. Some lime and magnesia pass off with the 

carbon dioxide. The rest enters the rock and gives endomorphic 

zones. 

(8) The granitic pegmatite and quartz dikes of this region do 

not affect the contact described. 

Natural Bridge ——(1) The syenite is not accompanied by a great 

number of dikes such as are characteristic of the granite area. This 

results in giving fewer exposures of contacts. 

(2) Some blue-quartz, felspar pegmatites occur. These have ap- 

parently no metamorphosing effect on the limestone. Pyroxene- 

felspar pegmatites occur in the intrusive, but do not pass out into the 

limestone. 

(3) Contact deposits are in bands or in pockets nearly always at 

or very near to the actual contact between the limestone and the 

intrusive. 

(4) Endomorphic effects are very well developed and are accom- 

panied by a coarsening of the intrusive along the contact. , 

(5) Titanite, microperthite, diopside-augite, diopside, meionite, 

wernerite, apatite, wollastonite, spinel, and zircon are developed in 

this region. 

(6) The syenite magma is not as rich in mineralizers as the 

granite magma. What mineralizers there are were concentrated along 

the borders and did not travel far out into the limestone. There are, 

however, a considerable number of disseminated minerals in the body 

of the limestone. These scattered metamorphic effects are only slight 

here in comparison with those of the granite area. 

(7) Wollastonite is the only lime silicate in the region which is 

free from magnesia. 

(8) The minerals all form irregular aggregates and show no 

definite order of succession. 

(9) There is no later addition of quartz and felspar. 
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The-Minerals—(1) The micas are all classed as phlogopites fol- 

_ lowing Dana’s description of that mica. 

(2) The pyroxenes are both diopsides and augites. Diopside is 

characteristic of the granite area, diopside-augite of the contact at 

Rossie, and both diopside and diopside-augite of the syenite area. 

(3) The amphiboles are not so widely distributed as the pyrox- 

enes. Tremolite and hornblende are about equally plentiful in the 

granite area. Tremolite is lacking at Rossie and both tremolite and 

hornblende are absent in the syenite area around Natural Bridge. 

(4) The Scapolites. The granite area is marked by the presence 

of marialite and missonite. There is some wernerite and meionite. 

Meionite is characteristic of the other localities. This is probably to 

be explained by the greater concentration of soda in the magmatic 

solutions of the granite area. In their absence the lime scapolite 

forms. Scapolite may be formed locally in pegmatite by the assimi- 

lation of limestone. This plays no part here in the development of 

new rock types. 

(5) Both brown and black tourmaline grow indiscriminately in 

limestone or in pegmatite. Only black has been seen in the granite 

far from the limestone. The per cent. of ferrous iron determines the 

color of the tourmaline. The indices of refraction rise with increas- 

ing darkness, but the birefringence remains the same. Magnesia 

does not much effect the color, though it has a tendency to increase 

as iron decreases and vice versa. All of the magnesia in the tourma- 

line does not seem to be due to absorption from the limestone. Some 

_ is probably magmatic. There is evidence of magmatic magnesia in 

the region. 

(6) The Felspars. The commonest felspar for the whole region 

is microperthite. In the granite area microcline and albite are most 

frequent, with orthoclase and microperthite next in quantity. An- 

desine is reported twice. Felspar rarely occurs here as a contact 

mineral. In the syenite area microperthite is the commonest felspar, 

almost to the total exclusion of any other. It occurs very widely as 

a contact metamorphic mineral. At Rossie microcline and micro- 

perthite are about equally developed in the contact zone. Oligoclase- 

albite and andesine form the body of the felspar in the rock. 
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(7) Apatite is found in the syenite, the diorite, and the granite, 

and also as a contact mineral about the last two. 

(8) Titanite is found in the syenite, the diorite, and the granite, 

and as a common contact mineral with the first two. It rarely occurs 

as a contact mineral with the granite and then only as an endo- 

morphic development. 

(9) Chondrodite and spinel form the only constant association 

in the whole region. 

(10) Pyrrhotite occurs occasionally as a contact mineral with the 

granite and its accompanying quartz dikes. It is the only sulphide 

found in these mineral masses. 4 

TABLE OF AVERAGE INDICES OF REFRACTION. 

Diopside: «= 1.670 

Y= 1.699 

Diopside-augite: Rossie 4== 1.698 Natural Bridge «= 1.698 1,698 

y= 1.728 y= 1725 9d 1710 
Tremolite: «= 1.600 1.606 

y=1625 *4 1636 
Hornblende: «= 1.620 1.627 1.638 Rossie 41.660 

y= 1.642 294 1650 84 1656 B= 1.674 
Y = 1.680 

Wollastonite: 4==1.620 - 1.625 

y=1.634 994 1641 
Chondrodite: «= 1.600 1.607 

y=1.627 294 1.636 
Tourmaline: Black #= 1.650 

Dark Brown w= 1.643 1.640 

e= 1.622 994 1.620 
Light Brown #= 1.637 

e= 1.618 

Light Yellow # = 1,634 

e= 1.615 

Apatite: # = 1.634 1,630 

e==1,631 94 1628 
Spinel: 7==1.713 and 1.710 Natural Bridge Blue 7= 1.718 
Felspars: Orthoclase «== 1,520 

¥ == 1.525 Microcline: a= 1.523 1.521 

y==1,527 294d 1.530 
Albite «= 1,530 Andesine 421.546 Oligoclase «= 1.541 

¥ = 1.539 v= 1.552 y= 1.547 
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Scapolite:Marialite «= 1.555 

1. 

2. 

3 

18. 
19. 

e= 1,541 

Missonite = 1.563 

e= 1.547 

Wernerite # = 1.577 1.572 

«=1,549 27d 1548 
Meionite #= 1.588 

e = 1,553 
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THE CLINICAL SIGNIFICANCE OF THE HISTOLOGICAL 

LESIONS OF RHEUMATIC FEVER. 

By HOMER F. SWIFT, M.D. 

(Read April 20, 1923.) 

Rheumatism, in the popular sense of the word, is a condition that 

directly interests the majority of mankind. Most of us suffer occa- 

sionally from pain or stiffness in the muscles or joints ; and “ rheuma- 

tism,” when used to describe these ailments, has merely a symptomatic 

significance. Wiesel has recently stated that no less than 80 different 

pathological conditions have been included under the term. But grad- 

ually, as more exact knowledge of various diseases has been acquired, 

ene after another of these numerous conditions has been placed in its 

proper nosological position. We now realize that inflammation of 

the joints or muscles is usually a symptom of some general disease. 

In fact, most specific bacterial infections have arthritis as one of their 

- complications. In some, such as gonorrhea or tuberculosis, joint in- 

volvement is not uncommon; in others, such as typhoid fever or lobar 

pneumonia, it is rare. Marked general metabolic disturbance may 

also lead to arthritis; probably the most striking example of this is 

gout, a disease in which there is definite involvement of bone and a 

deposit of salts of uric acid in the tissues making up the joints. It is 

possible that other forms of arthritis are also due to faulty metab- 

olism. . 

But the disease known today as rheumatic fever was generally 

regarded, until recent years, as having arthritis as its principal mani- 

festation. Indeed, the term inflammatory rheumatism, or acute ar- 

ticular rheumatism, is sufficiently descriptive to indicate that histori- 

cally, at least, attention was focused on the organs of locomotion. 

With the development of auscultatory methods and the application of 

statistical studies it soon became evident that chronic cardiac valvular 

disease was frequently preceded by acute arthritis. Endocarditis was 

then regarded as a complication or sequella of acute articular rheuma- 

175 
PROC. AMER. PHIL. SOC., VOL. LXII, M, OCT. 3, 1923. 



. 

176 SWIFT—CLINICAL SIGNIFICANCE OF 

tism; but gradually we are realizing that heart involvement is the 

most important part of the disease, and that the patient is often suf- 

fering from active visceral infection with little or no evidence of 

arthritis. This altered conception of the disease is reflected in 

changes from time to time in the names applied to it, viz., acute ar- 

ticular rheumatism, or acute inflammatory rheumatism, acute rheu- 

matic fever, or better still, rheumatic fever; the last appellation is 

probably best because the infection not infrequently passes into a 

subacute or chronic form. 

It is surprising that in spite of the great advance in the knowledge 

of the causation of most common infectious diseases we still must 

recognize our uncertainty of the etiologic agent in this infection. 

Certain contributing factors have been suggested, and non-hemolytic 

streptococci have been claimed by several authors to be the causative 

micro-organisms ; but the failure to recover these streptococci from a 

majority of patients and the fact that the classical disease presented 

by man has not been reproduced by inoculating them into the lower 

animals has caused most students to hesitate before considering the 

question settled. 
To obtain a better understanding of rheumatic fever we are, there- 

fore, forced back to a continued bedside study of the patient, with 

newer instrumental methods to aid our senses, and to an examination 

of the various tissues that can be obtained from the subject during 

life and postmortem. By the correlation of the different facts so 

obtained we should arrive at a more exact knowledge of the life his- 

tory of the disease. 

The gross clinical manifestations of rheumatic ‘arthritis are pain, 

tenderness, swelling, redness, and local heat diffusely distributed 

about the joint; an examination of the synovial fluid reveals many 

exudative cells—mostly polymorphonuclear leukocytes. Remarkable 

features of the acute arthritis are: (1) the tendency for the inflam- 

mation to migrate—‘ to jump ’’—from one joint to another without 

any apparent involvement of the intervening tissues; (2) the failure. 

of the process to go on to suppuration; and (3) the rapid disappear- 

ance of the symptoms and signs of inflammation after the patient has 

taken such antipyretic drugs as certain derivatives of salicylic acid 

or of phenylcinchoninic acid. 
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In_ fatal cases, the longest recognized and most striking gross 

feature found postmortem is the appearance of rows of small bead- 

like excrescences along the free margins of the heart valves. On 

microscopic examination these verruce are seen to be made up of 

coagulated elements derived from the circulating blood; in other 

words, they are small globular thrombi deposited on the valvular endo- 

cardium at a place where the lining endothelium has disappeared. In 

older verrucz there is also definite evidence of a tendency to healing; 

the verruce are covered with endothelium and invaded by organizing 

connective tissue. But even in the young lesions there is seen in the 

substance of the heart valve under the endocardium distinct evidence 

of inflammation not exudative but proliferative in nature. It 1s a 

moot point whether the destruction of the endothelium is primary or 

' subsequent to an injury to the underlying tissue. Of this, however, 

we are certain—that characteristic lesions occur in the subendocardial 

region without primary injury to the endothelium. It is not difficult 

to conceive, therefore, of the primary injury of the valves occurring 

in their substance rather than on their surface. If edema and swell- 

ing are present in the valves to the same extent as about the joints, 

it is easy to think of these structures as being functionally faulty and 

to see the possibility of the swollen covering endothelium being broken 

by repeated impacts against an opposing valve leaflet. 

When the pericardium is extensively inflamed there is often a 

widespread pouring out of sero-fibrinous exudate with a plastering 

together of the two layers of the pericardial sac. Upon first glance 

this seems an entirely different process than is found in other tissues; 

but the presence in the pericardium of focal lesions similar to Aschoft 

bodies—which shortly will be described—indicates that the essential 

or primary pathological process is similar to that found elsewhere, 

but that the gross appearance is altered by the peculiar anatomical 

structure of the pericardial sac, and the manner in which such large 

endothelial membranes respond to injury. 

The most generally recognized specific histological lesion of rheu- 

matic fever is the so-called Aschoff body, which is a submiliary nodule 

located in the myocardium usually in close relationship with small 

blood vessels. There is practically always a small central area of 
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necrosis surrounded by peculiar cells having vesicular nuclei and a 

cytoplasm that takes a granular red color when stained with methyl 

green and pyronin; usually many cells are present with multiple 

nuclei, forming a particular type of giant cell, different from that 

seen in tuberculosis. 

Mixed with these Aschoff body cells are polymorphonuclear leuko- 

cytes and lymphocytes in various amounts, proportional to the acute- 

ness of the general infection. Although the submiliary nodule is 

primarily in the interstitial tissue, the surrounding muscle fibers are 

often seen to be involved. Indeed, certain pathologists claim that the 

giant cells arise from the muscle fibers; although the majority of 

observers think that the cells forming the nodules are derived from 

the endothelium of the perivascular spaces and from the endothelial 

lining of the blood vessels. 

Changes in the blood vessels are common; not infrequently one 

encounters partial or complete closing of the lumina with thrombi that 

have probably been formed as a result of injury to the vessel wall. 

The blood vessel may also be constricted in other ways. We have 

seen Aschoff bodies in the perivascular space push one segment of 

the wall against another. When two or more submiliary nodules are 

close together, but on different sides of a vessel, the edema, often 

present in the region of such foci, probably forms a constricting ring. 

Interference with the circulation must lead immediately to disturbed 

nutrition of the muscle tissue and of the impulse conducting fibers 

supplied by the involved blood vessels. Bedside study and electro- 

cardiographic investigation in a series of our patients indicates that 

the myocardium or conduction system was disturbed in over 90 per 

cent. of the cases. While it is conceivable that these functional dis- 

turbances may have been merely toxic in origin, it seems more rational 

to conclude that there is a direct relationship between the histopatho- 

logical lesions demonstrable postmorten, and the disturbed myocardial 

function found during life. The transitory nature of many of these 

cardiac disturbances is no argument against their being due to actual 

focal lesions; for evidence is constantly increasing that focal lesions | 

are present about inflamed joints, even though clinical manifestations 

of arthritis are present only a few days. 
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It is important, on the other hand, to realize that active disease of 

the heart may be the only demonstrable evidence of a continuing 

rheumatic fever infection. . Recently two fatal cases have been 

brought to our attention in which myocardial weakness was the sole 

clinical picture, and postmortem the only essential lesions were 

Aschoff bodies widely disseminated throughout the heart muscle. In 

several patients suffering from chronic cardiac disease we have ob- 

served relapse after relapse with pyrexia and the general features of 

recurring infection in which all of the symptoms and signs were 

referable to myocardial and endocardial involvement. Postmortem, 

these cases have shown widespread rheumatic myocarditis, along with 

endocarditis and pericarditis. These correlated clinical, physiological, 

and pathological studies are giving us a clearer conception of the 

chronic or relapsing nature of rheumatic fever. 

For many years English clinicians have called attention to the fre- 

quent occurrence of fibroid nodules in the subcutaneous tissue of 

rheumatic children. Anatomically, they are found in the deep fascia 

over bony prominences and in tendon sheaths and tendons, and be- 

cause of their superficial situation it is possible to remove them easily 

and thus to obtain a better idea of the pathological changes occurring 

during life. The essential histological picture is similar to that seen 

in the Aschoff body. There is tissue destruction varying in size 

from small submiliary areas to long strands of hyaline necrosis affect- 

ing connective tissue fibers; combined with necrosis are deposits of 

fibrin. In close relation to these destroyed foci are found numerous 

cells similar in appearance and staining reaction to the type cell found 

in Aschoff bodies; multinucleated cells are also present. In nodules 

it is not difficult to demonstrate these endothelioid cells arising from 

perivascular spaces as well as from the vascular endothelium. In 

fact, the participation of the blood vessels in the general response is 

one of the most marked features of the subcutaneous nodules. Many 

capillaries are seen in which the swollen endothelium has practically 

obliterated the lumen; in larger vessels the proliferation of the endo- 

thelium at times takes the form of a crescent-shaped mass of cells, 

appreciably narrowing the vessel. Still other small arteries are seen 

obliterated by thrombi; in others the media is involved ; and surround- 
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ing many of the smaller vessels there can often be seen collections of 

endothelioid cells evidently compressing the walls. . 

A participation of fibroblasts arising from the connective tissue is 

easy to demonstrate. A few polymorphonuclear cells and lympho-- 

cytes invade the diseased tissue and foci of edema are demonstrable. 

While, grossly, these nodules vary in size from % mm. to 5 or 10 

mm., it is evident upon microscopic examination that the larger 

nodules are composed of a conglomeration of submiliary nodules. 

The pathological unity of the myocardial and subcutaneous lesions is, 

therefore, easily comprehensible. 

These subcutaneous nodules attract. attention clinically only on 

account of their mechanical presence. They are usually painless be- 

cause they are not in close apposition to nerves. Involving only con- 

nective tissue which has no important function except that of a sup- 

porting structure, they are not a local source of danger. Their chief 

significance is that they indicate a similar process going on in impor- 

tant organs, as the heart or brain. 

The inflammation of the joints, a most outstanding feature from 

the patient’s viewpoint, has been the least studied by histopathological 

methods. ‘The transient nature of the arthritis, and the fact that 

patients rarely succumb to the acute disease, easily explains this ap- 

parent gap in our knowledge. Heart failure is practically always 

accountable for the death of these patients at a time when the arthritis 

has disappeared, and hence the chief attention of the pathologist has 

been directed to this organ. 

Nevertheless, Fahr has found changes in the capsule of the knee 

of patients succumbing to rheumatic fever which he states are in 

every way comparable to the myocardial lesions. Cary Coombs 

makes a similar statement concerning the shoulder joint of one pa- 

tient. Lately, we have excised small pieces of the capsule of the 

knee or ankle of patients during the acute stages of rheumatic ar- 

thritis, and found focal lesions of the synovia, focal necrosis of the 

capsule, thrombosis of the smaller arteries, and endothelial and peri- 

vascular reactions quite comparable with changes found in the heart 
and in subcutaneous nodules. The presence of many small nerves in 

the joint capsule and surrounding ligaments easily explains the great 
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‘pain occurring in rheumatic arthritis. The additional finding of dis- 

tinct histological lesions in the joint capsule of a patient who was fully 

under the influence of neocinchopen, and from whom all clinical signs 

of arthritis had disappeared, shows that the essential rheumatic proc- 

ess goes on in spite of these antisymptomatic drugs. 

The relation of St. Vitus’ dance, or chorea minor, to rheumatic 

fever has been discussed for many years. It has been known that 

valvular heart disease and chorea were frequently concomitant; also 

that arthritis and chorea occurred together. The relatively few stud- 

ies of the brains of chorea patients indicate that the chief lesion is 

vascular in origin. Thrombi, endothelial proliferation, and perivascu- 

lar collections of round cells together with small focal changes in the 

nervous tissue contiguous to these vessel lesions have been described. 

The very small amount of connective tissue in the parenchyma of the 

brain, and the fact that the response of the central nervous system to 

injury is normally a neuroglia proliferation, would naturally cause a 

different histological picture in the brain than would be seen else- 
where. The finding, however, of typical Aschoff bodies in the hearts 

of patients dying from chorea, and the demonstration of subcutaneous 

fibroid nodules in others who have recovered, all support the view- 

point that the lesions in the various organs are all evidence of tissue 

response to a common causative agent—the virus of rheumatic fever. 

With this conception of the essential pathology of rheumatic 

fever—viz., focal nodules with edema in the contiguous tissues during 

the acute stages combined with lesions of blood vessels—it is not 

difficult to reconcile the manifold and apparently unrelated manifesta- 

tions of the disease. It is apparent that the type of response is an 

effort on the part of the body to limit the activity of the virus; a type 

that in many ways reminds us of the focal lesions of tuberculosis or 

syphilis. The edema, redness, and local heat seen about the joints 

with acute arthritis are evidence of an intense tissue response, and 

give us the impression that exudation is the most marked feature. 

These gross clinical signs, however, disappear quickly—both spon- 

taneously and following the exhibition of certain drugs. But small 

disseminated lesions of a focal character are evidently present in the 

periarticular tissue and synovia much the same as in other organs, 
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and are doubtless slower in undergoing complete resolution than the. 

rapid recession of clinical symptoms would indicate. The pain and 

tenderness of the acute arthritis is doubtless due to the implication of 

numerous nerves in the acute exudative process. With the disappear- 

ance of extensive edema these symptoms usually disappear; but not 

infrequently one encounters patients in whom slight pain, stiffness, 

and tenderness persist in certain joints for weeks or months. These 

continuing symptoms might easily be due to a persistence of focal 

lesions of a subacute or chronic character. The intensity of the re- 

sponse about the joints is probably an important factor in the com- 

plete healing of arthritic lesions. The synovia and. perisynovial tis- 

sues are rich in blood vessels and hence are in a condition to respond 

quickly and intensely to many small focal injuries. 

In subcutaneous nodules, on the other hand, the tissue involved is 

less vascular ; acute exudation is less marked than about joints; peri- 

vascular cellular proliferation is very marked, and the slower type of 

response is made evident by a slower disappearance of the evidence 

of injury. As already mentioned, the absence of nerves in the tissues 

implicated by subcutaneous nodules easily explains the lack of pain 

or tenderness about them. 

With an understanding of what happens about joints and in sub- 

cutaneous nodules it is not difficult to construct a picture of the vari- 

ous cardiac lesions. The Aschoff body closely reproduces the 

changes seen about a single vessel in a subcutaneous nodule. There 

is a smaller amount of connective tissue than is present about sub- 

cutaneous nodules and, in addition, as the nodules usually occur about 

small arteries, their microscopic size is easily understood. Again a 

low degree of vascularity compared with the articular tissues explains 

the comparatively small amount of exudation; but exudation is sug- 

gested by the rapidity with which electrocardiographic signs of myo- 

cardial involvement appear and disappear during the acute stages of 

rheumatic fever. Partial or complete occlusion of the arteries would 

also result in a compromising of the nutrition of the portion of the 

heart supplied by them. ‘There is also actual destruction of muscle 

fibers to explain certain symptoms of myocardial disease. It is, 

therefore, probably not overstressing the point to contend that in 
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rheumatic fever disturbance of cardiac function makes evident the 

presence of focal lesions in the myocardium, or cardiac blood vessels. 

Focal lesions of the pericardium, if small, may result in a localized 

pericarditis and, on the other hand, if extensive, may be followed by 

extensive exudation. In fact, outpouring of a serofibrinous exudate 

is the usual mode of response to injury of large endothelial lined 

cavities like the pericardium and pleura, even though the character of 

lesions produced by the causative organisms in other tissues is usually 

focal in nature ; for example, tuberculosis of the pleura or pericardium 

is ordinarily accompanied by a serofibrinous exudate. The organiza- 

tion of this exudate with the secondary changes incident to such 

organization is merely the logical outcome of a widespread peri- 

carditis. 

The peculiar character of rheumatic valvular endocarditis is more 

difficult to reconcile with the other focal lesions of this disease.. As al- 

ready mentioned, if we conceive of an edema of the valve occurring as 

an exudative response about focal rheumatic lesions in the valve sub- 

stance or valve ring, it is not difficult to see how the endothelium at 

the line of closure would be injured and small thrombi deposited on 

the valves at this site of injury. The healing of these thrombi must 

be necessarily accompanied by formation of new blood vessels and 

fibrous tissue ; and with this process there is not only the scarring of 

the valves leading to a disturbance of their function, but also the 

production of a locus minoris resistentie in or about which subsequent 

relapses of rheumatic fever are liable to set up new foci of inflam- 

mation. It is only fair to state that we do not understand the exact 

mechanism by which chronic inflammation of the valves leads to pro- 

gressive narrowing or funnel-shaped deformities. 

The manner in which multiple vascular and perivascular lesions in 

the brain set up the symptoms of chorea is not entirely clear. In 

chorea, however, there is usually evidence of a widespread encepha- 

litis. Sometimes practically all of the voluntary movements of the 

body are rendered incoordinate ; at other times the symptoms point to 

a less extensive distribution of the pathological process. Neverthe- 

less, we practically never encounter evidence of large, single lesions 

in the central nervous system, such as we see in syphilis. The symp- 
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toms of implication of the central nervous system by the virus of 

rheumatic fever, therefore, point to the existence of many small foci, 

similar in nature to those found in other tissues of the body. 

Doubtless comparable lesions in other organs or tissues are not 

infrequently present, but are not detected either because they fail to 

give rise to symptoms or because the usual well-marked manifesta- 
tions of the disease outweigh them in prominence. 

The perivascular proliferative type of lesion, resembling an in- 

fectious granuloma, explains the subacute and chronic character of 

the clinical symptoms in many cases of rheumatic fever. Marked 

exudation of serum into the periarticular tissues and of serum and 

cells into the joint cavities are concomitants of the acute arthritis 

occurring with high fever and general intoxication; these acute exu- 

dations disappear following the administration of certain-drugs. But 

their disappearance does not prove that all of the proliferative types 

of lesions have resolved. In fact, we know that these last-mentioned 

types, when present in the subcutaneous tissues, often continue for 

months; and from analogy we may conclude that they have a similar 

persistent character in other tissues of the body invaded by the virus 

of rheumatic fever. 
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THE SIGNIFICANCE OF THE GALL BLADDER. 

By PHILIP D. McMASTER, M.D. 

(Read April 21, 1923.) 

It is a singular fact that certain closely related species of animals 

have, some of them, a gall bladder, while others do not. What can 

be the essential significance of the organ and the reason for this 

difference ? 
Embryologically, the vesica fellea arises secondarily as a cul-de-sac 

from the same anlage that forms the liver and bile ducts, and it is 

considered by many as an almost purposeless diverticulum. Its ir- 

regular distribution in both high and low forms of life is noteworthy. 

Thus among the higher animals it is present in the cow and sheep, 

while it is absent in the horse, present in the goat, and absent in the 

closely related deer—to be found in the hog and wild boar, but not in 

the peccary of South America. Among birds, the hawk and owl 

possess it, while doves do not; and among the rodents the mouse is 

found with the organ, the rat without. One species of gopher,’ the 

pocket gopher (Geomys bursarius) is without a gall bladder, while 

another (Spermophilus tredecimlineatus), the striped gopher, pos- 

sesses it. Woods Hutchinson ? is authority for the statement that in 

the giraffe it is at times present and again not. 

Nevertheless, when present, it exercises a distinct influence over 

the character of the bile, as shown by the fact that the secretion con- 

tained in it is more concentrated than liver bile and of somewhat dif- 

ferent constitution. 

To test the concentrating ability of the organ a method was de- 

vised * by which bile of known constitution might be supplied through 

the normal channels to the intact gall bladder from the animal’s own 

liver. The arrangement of ducts in the dog makes this possible. In 

this animal the liver consists of two large masses of tissue, the greater 

1 Mann, F. C., Jour. Lab. and Clin. Med., 1919-1920, V., 107. 
2 Hutchinson, Woods, Medical Record, 1903, LXIII., 770. 

3 Rous, P., and McMaster, P. D., Jour. Exper. Med., 1923, XXXVIL., 11. 
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or main liver made up of three lobes comprising about 70 per cent. of 

the whole, and a smaller portion, the two posterior lobes, .which have 

a separate duct and are quite distinct from the rest of the tissue. The 

common duct is formed by the union of three large branches, the gall 

bladder entering high up in the middle one, and below is joined by 

the duct from the posterior lobe. If canulas are inserted in the indi- 

vidual ducts, bile from the different lobes of the liver can be collected.* 

It is possible, with proper surgical precautions, to obtain sterile bile 

daily * over a period of months, draining it into rubber balloons sus- 

pended in wicker baskets outside the abdomen, the animals meanwhile 

remaining in excellent condition and uninfected. Such sterile bile 

can be had from the whole liver or its individual lobes and subjected 

to any desired analysis. 

We first ascertained that bile coming from different portions of 

the same liver at one time, when the gall bladder is occluded by liga- 

ture, has approximately the same amount of pigment per cubic centi- 

meter. With this determined observations were begun on the activity 

of the gall bladder. Through a slit in the common duct at a point 

above the entrance of the duct from the lateral liver mass, a catheter 

was run up into the gall bladder, its contents removed, and the organ 

washed clean with normal saline solution, after which the catheter 

was withdrawn and a ligature was placed on the duct above the slit. 

In this way bile from the major portion of the liver flowed into the 

gall bladder. That from the lateral mass was collected into a rubber 

balloon for comparison with that later found within the gall bladder. 

The period of experiment ranged from 2214 to 49 hours. Even at 

the end of this time the gall bladder was never unduly distended. 

The large amount of bile coming to it had been concentrated to a few 

cubic centimeters. Comparison with the control specimen showed 

that on the average there had been an eightfold concentration of the 

secretion. In another series of animals the gall bladder was filled 

with a sterile bile of known pigment content before the wash catheter 

was withdrawn. So rapidly was fluid removed through the bladder 

wall that even the increments of hepatic bile from the main liver were 

insufficient to distend the organ. The average concentration effected 

in this series was 6.4 fold. 

Rous, P., and McMaster, P. D., Jour. Exper. Med., 1921, XXXIV., 47. 
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In a third set of experiments it was shown that merely in passage 

through the gall bladder to a balloon connected with its tip, bile was 

concentrated 2.3 to 4.8 times. 

Opposed to the activity of the gall bladder upon the bile is the 

influence of the ducts.* These act to dilute it slightly with a thin 

secretion of their own, which can be collected into a rubber bag from 

an isolated duct segment. The secretion is pale, colorless, devoid of 

pigment and bile salts, and plays an important role in stasis. When 

the common duct is ligated and the gall bladder left in connection 

therewith, the stasis bile becomes in time much inspissated and far 

darker than normal in all the ducts, as would naturally follow from 

the concentrating activity of the bladder and the secondary changes 

in the bile. But if ducts are obstructed separately, the bile at first 

pent in them is little by little replaced by the colorless, thin duct 

secretion. If the common duct is ligated and the cystic duct as well, 

or if the obstructed ducts are left in communication with a gall blad- 

der so changed pathologically that it ceases to concentrate bile, the 

ducts become filled with this colorless fluid. It is the white bile of 

surgeons. 

The differing influences of the ducts and bladder upon the bile 

obviously have much to do with the site of origin of calculi. The 

concentrating activity of the gall bladder is a potent element in the 

formation of gall stones. Stasis gives opportunity for excessive in- 

spissation ; and in this way a normal gall bladder can become, merely 

through its functional activity, a menace to the organism. 

In animals possessing-no gall bladder, is the function of the organ 

lodged in the ducts? Advantage was taken of the circumstances that 

the rat has no gall bladder, whereas the mouse possesses one. It was 

found that in rats with common duct tied the bile is not concentrated, 

but replaced by duct secretion, whereas in the mouse it becomes greatly 

concentrated, obviously through gall bladder activity. One must con- 

clude that not only the organ, but its function, is lacking in the rat. 

On the other hand, as bile collection showed, the secretion comes from 

the liver in far more concentrated form in the rat than in the mouse.. 

In animals permanently intubated for the daily collection of bile, 

calculi often develop in the collecting system, sometimes in as brief a 

5 Rous, P., and McMaster, P. D., Jour. Exper. Med., 1921, XXXIV., 75. 
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period as 14 days. They form when the gall bladder activity is ruled 

out by ligation of the cystic duct and in the absence of infection and 

stasis.© The stones are made up chiefly of calcium carbonate and 

calcium bilirubinate. Pure calcium carbonate stones may develop in. 

association with organic debris, but in other instances rounded pig- 

mented particles appear in the bile, and on them the calculi later form. 

The presence of identical particles in centrifuged sediments of speci- 

mens of bile obtained after intubation makes possible the study of the 

early stages of stone formation. About the second day after opera- 

tion the bile sediment is seen to contain great numbers of these light 

brown, refractile, translucent bodies. They are irregular in shape, 

doubly refractile, and are almost insoluble in water, alcohol, ether, 

and chloroform, but dissolve in chloroform to which acid has been 

added and in aqueous solutions of acid reaction. These bodies act as 

nuclei for calculus formation. By the third to fifth day after opera- 

tion some of them are found encrusted with calcium carbonate crys- 

tals. After this the bodies are not found in the bile. Only crystals 

are to be seen unless some liver derangement occurs, when they may 

again appear in numbers and the crystals again be deposited upon 

them. This has been observed after poisoning by toluylendiamin, 

chloroform, and intravenous injections of calcium chloride. 

Loss of all of the bile is not a factor in the formation of the 

stones, for when small glass tubes are interpolated in the ducts and 

the intestinal connection is left undisturbed, calculi still form upon 

the tubes. They are never found in the ducts or the gall bladder, 

despite the concentrating activity of the latter tissue, and masses of 

cellular debris which it frequently contains. Were such debris pres- 

ent in the glass-rubber collecting system, it would surely lead to cal- 

culus formation, The ducts, provided with musculature and a secre- 

tion of their own,° may, of course, easily free themselves of such 

debris. The cause for the absence of stones from the gall bladder 

contents is to be found in a change in the reaction of the bile, the fluid 

becoming acid as has been noted previously.’ Hepatic duct bile 

shows a pH 7.5-8.5, that of the gall bladder has been found as low 

6 Rous, P., McMaster, P. D., and Drury, D. R., Proc. Soc. Exper. Biol. and 

Med., 1923, XX., 315. 

7 Okada, S., Jour. Physiol., 1915-1916, I., 114. 
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as 5.18, electrometrically determined. If liver bile containing the 

sediment of the sort from which stones develop is rendered acid by 

the addition of N,/10 HCl or 3 per cent. acetic acid, the sediment goes 

into solution. The normally functioning gall bladder, then, effects 

the change necessary to keep the stone-forming substances in solution. 

SUM MARY. 

The gall bladder acts not only as a distensible bag interpolated 

into a rigid system of tubes to minimize extremes of pressure, but as 

an important reservoir rendered capacious by its ability to reduce the 

bulk of the fluid stored within it. During periods when the duodenum 

is empty of food the gall bladder conserves the bile for future use, 

and through its concentrating activity is enabled to retain very nearly 

all the liver output. This concentrating faculty is of the greatest 

importance in the production of gall stones. 

In many kinds of liver derangement the bile contains bodies which 

may act and on occasion—as when gall bladder activity is ruled out— 

do act as potential nuclei for calculus formation. But the normal 

organ, though concentrating the bile, effects a change in its reaction 

which renders stone formation impossible. If it fail to function 

normally, stones may readily form. 

The facts here set forth for the dog remain to be proved for man. 

LABORATORIES, 

ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH, 

New York. 

PROC, AMER, PHIL. SOC., VOL, LXII, M, OCT. 18, 1923. 



THE STRATIGRAPHY OF THE WHITE RIVER BEDS OF 

: Pace 

I. Introduction i 2.0.:5..075 Utara teen bbs 000g web ays eae eka IgI 

II. . Stratignra play. 05 :0).2:6: 8s Mes 5's 9 he 193 

Pierre Shale...... 4 05 6a pall SOUR c's esa indie a £08.71) 

The Interior. Formation of Wards....5.....:+000sc0s+se sane 194 
The Titanotherium Beds............... ‘és nieesinvice es vise) ante 202 

Titanotherium-Oreodon Unconformity and Limestone Sheet...... 208 

The ._Oreodon .Beds.. 3; + 55s cvieasiaipiashies ais tatduesie: 4 Vora be boa eae 210 

(1) The Lower Nodular or Caliche Zone................05- ‘213° 

(2) Lower Oreodon Banded Silts; Metamynodon Channel 

Sandstoties. 35066 600s Sos Ree eee eee a ain Q2t 

(3) Upper Nodular. Layers. 6. s:664 seust a kas bce ae 224 

(4) Middle Oreodon Green Sandstones...............00005 224 

(5) Upper Oreodon- Red Clays... 0020. 600s ee 225 

The Leptauchenia-Protoceras Beds............. oe Vga we eta 226 

Division (1). aside eis Ske i ales 8 diss ee «oe 227 

Division (29.053 iy cee ST ree 227 

Division ‘(3)'...0) sis aeeweber sass >s sesh cenlae eam ann 230, 

The White Ash Layer: sac ottis § sia DNs wales os 231 

The Rosebud Beds Above the White Ash Layer................ 235 

III. Physiography and Climate of White River Time.................- 236 

Evidences of Regional Uplift During White River Time......... 249 

IV. Volcanic Ash in the Oligocene Formations of the Cordilleran Region. 252 

V. Chalcedony Veins and Sandstone Dikes. Cementation and Silicifica- 

tion of the Sediments... 40.63.05 is casevsaees ses ose ea ee 255 

VI. Post-Oligocene History of the Region.............cccccccccccseses 260 

Miocene Deposition: «0.6 aie soc iss od senda weleee 050 hws 260 

Formation of the High: Plain... ... ... <. :c-sicyes<s.sdale seen 261 

Dissection of the High Plain and Gravel Deposition.............. 262 

The Capture of the Black Hills Drainage by the Cheyenne River 

and the Recent Erosional Stage... cb sss G sci bs eee wd ee 264 

Causes of the Capture of Black Hills Drainage by the Cheyenne 

RV OT oo og 5 vin Giga cw pre IR ne cn nl an! ol chao ee 265 

SOUTH DAKOTA. 

By HAROLD R. WANLESS. 

(Read April 20, 1923.) 

1 Investigation aided by a grant from the Marsh Fund of the National 
Academy of Sciences. 

190 



WHITE RIVER BEDS OF SOUTH DAKOTA. 191 

I. INTRODUCTION. 

In an earlier paper the writer published the results of a micro- 

scopic study of the sediments of the White River series in the Big 

Badlands of Pennington and Washington Counties in southwestern 

South Dakota, and discussed the various. types of sediments repre- 

sented in this area. The clastic sediments of the White River beds 

were there shown to be, in large part, derived from the Black Hills 

uplift, which lies about 50 miles to the west of the Big Badlands. 

The abundance of wind-blown volcanic ash in the upper part of the 

White River beds was also pointed out. 

The present paper aims (1) to present a stratigraphic study of 

the various formations of White River age in the same area, with a 

description of several well-distributed sections, showing the vertical 

succession of the various types of sediments discussed in the earlier 

paper; (2) to make certain changes in the sections published in the 

previous paper as the result of the subsequent discovery of a few 

definite horizon markers of wide geographic distribution ; (3) to show 

the remarkable continuity and uniformity over immense areas of cer- 

tain members of the White River series; (4) to present in outline the 

Successive interpretations given to the climate and physiography of 

White River time by geologists of the past 70 years, with a critical 

discussion of their views; (5) to interpret the climatic and physi- 

ographic significance of the various types of sediments observed in 

the badlands, based upon their lithologic character, the presence of 

concretions and other structures, and the conditions under which fos- 

sils of White River time are found preserved; (6) to present an 

outline of the physiographic and climatic changes to which the area 

of the Big Badlands has been subject between the withdrawal of the 

Cordilleran sea of Cretaceous time and the close of White River 

deposition, as these changes are represented by sediments or erosional 

unconformities ; (7) to deduce from the distribution of volcanic ash 

of White River and Lower Miocene date the source of the volcanic 

material and some measure of the magnitude of the eruptions which 

supplied this ash; (8) to attempt an explanation of the relations be- 

tween sandstone dikes and chalcedony veins, the silicification of lime- 

stones and gypsum beds, and the development of caliche layers, accept- 
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ing the theory that the fissures which are occupied by these dikes and 

veins were formed by desiccation; and finally (9) to present briefly 

some evidence on the stages of post-Oligocene erosion and deposition 

and climatic change in the area, and to suggest explanations for some 

of them. 

It is the hope of the writer that this paper may establish a standard 

section of the White River formations in their type locality, which 

will be of value in correlating the elements of the White River in 

other districts. 

The field and laboratory work upon which this paper is based has 

been done under the direction of Dr. W. J. Sinclair, of Princeton 

University, who has given the writer the benefit of his broad experi- 

ence with western Tertiaries in passing on various theories developed 

to explain relations or structures observed in the field. The field 

work was done during the summers of 1920, 1921, and 1922, under 

the auspices of the Department of Geology of Princeton University, 

assisted by.a grant from the Marsh Fund of the National Academy of 

Sciences. Dr. A. H. Phillips kindly analyzed a sample of the clays 

of the “Interior” beds and has given valuable assistance in inter- 

preting some of the chemical problems involved. Dr. A. H. Pillsbry, 

of the Philadelphia Academy of Sciences, has identified some of the 

fresh-water and land invertebrates found in the White River, and 

Dr. R. W. Chaney, of the Carnegie Institution, has studied some 

petrified wood. collected in the Titanotherium beds and supplied the 

writer with data on the climatic range of Celtis. The writer is also 

indebted to Professor W. B. Scott and to the late Mr. T. B. Lawler, 

of Princeton University, for frequent helpful suggestions, and to Mr. 

J. B. Mawdsley for assistance in the preparation of some of the illus- 

trations. 

II. STRATIGRAPHY. 

Pierre Shale—tThe Pierre shale underlies the White River for- 

mations throughout the area of the Big Badlands. It is everywhere 

a gray shale which weathers very easily to a dark gray or black mud. 

Even fresh samples are so soft as to be easily broken or crumbled 

between. the fingers. Bedding is not visible in the Pierre except 

where it is emphasized by levels of concretions. The Pierre contains 
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a rich marine Cretaceous fauna, and at almost any outcrop fragments 

or shells of Inoceramus, Baculites, Scaphites, Placenticeras, and other 

forms may be discovered with a little search, the original thin pearly 

iridescent outer layer being frequently preserved. Crystals of gyp- 

sum occur abundantly in this shale and springs emerging from it are 

strongly impregnated with sodium sulphate. At various levels there 

occur large round or flattened oval siliceous concretions, which con- 

tain marine fossils more abundantly than does the rest of the shale. 

The Interior Formation of Ward.A—The surface of the Pierre 

shale upon which the White River deposits rest is very irregular. In 

the area of the Big Badlands the maximum relief .of this surface may 

be from 50 to 100 feet, though no exact figures are available. It is 

possible that later formations may have been deposited in this area 

and subsequently removed by erosion. At many points in the Big 

Badlands there is a gradational change from the dark gray alkaline 

shales of the Pierre to the greenish clays and silts of the Titano- 

therium beds. This zone of gradation has a thickness of 38 to 45 

feet and consists of lavender and blue clays, weathering to a rusty 

brown color diversified by calcareous nodules with cone-in-cone struc- 

ture and concentrically banded nodules of pink or red color strongly 

impregnated with oxides of iron, each type of nodules being devel- 

oped along definite horizons. In other sections the contact between 

the Pierre shale and the Titanotherium beds is abrupt, a thin bed of 

pebbles of quartz, feldspar, and igneous and metamorphic rocks de- 

rived from the pre-Cambrian of the Black Hills, resting immediately 

on the shale. Where the blue and lavender clays are absent the sands 

and silts which occur at the very base of the White River formation 

are stained an ochre yellow by saturation with hydrated oxide of 

iron. This is a local hardpan formed by the ground water where the 

impervious shale limits further downward circulation. 

These lavender and blue concretionary clays have been named the 

“Interior formation’ by Professor Ward in a recent paper,” because 

of their development in the vicinity of Interior, Jackson Co., South 

Dakota. He believes that the color is primary, and that these clays 

represent the Fox Hills, following without break after the Pierre. 

1 South Dakota Geol. and Nat. Hist. Survey, Bull. 11, pp. 18-20. 

2 Thid. 
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Professor Toepelman * suggests that “they may be a slightly sandy 

phase of the Pierre, such as are now being made known from many 

localities with the typical blue-black color of the shale, and have sub- 

sequently been changed in color through the process of weathering 

and the circulation of waters from the overlying Tertiary.” Three 

vertebre in articulation, probably mosasaurian, were found in the 

clays of the “ Interior ” beds by the Princeton 1922 expedition in the 

valley of Bear Creek 2 miles north of Scenic. Loomis * discovered 

a large Pierre fauna in these clays in Spring Creek, west of Scenic, 

and at lower levels some Titanotherium bones in place, indicating that 

a part of the material had been reworked and that some of the Cre- 

taceous fossils might be remanie. 

In the “ Interior’ formation at several points flattened, convex, 

lens-shaped concretions with an average diameter of 2 to 3 feet and 

an average thickness of a foot to 18 inches are developed. These are 

colored a light chocolate brown and show cone-in-cone structure along 

the top and bottom in.bands about 4 to 6 inches thick. These con- 

cretions often contain in their centers weathered casts of the shells of 

Baculites and Inoceramus. Loomis®* has published a list of fossils 

found in the Interior beds in Spring Creek, many of which are from 

these cone-in-cone concretions. An analysis of some of the cone-in- 

cone material showed 73 per cent. of soluble carbonates, presumably 

CaCO;. Tarr * has discussed the origin of cone-in-cone and assigns 

it tentatively to pressure phenomena developed by the recrystallization 

of aragonite to calcite. Similar concretions occur along regular hori- 

zons, and at various levels through the Pierre shale,’ and their origin 

is probably not a part of the White River problem. 

In the upper part of the Interior formation are one or two levels 

characterized by rounded or flattened oval concretions which in sec- 

tion are seen to be formed about a clay center, and show concentric 

bands of varying shades of brown, colored by hydrated oxides of iron. 

A test showed a very small percentage (less than 3 per cent.) of cal- 

3Tbid., p. 64. 

4 Science, N. S., Vol. 19, p. 254, 1904. 

5 Ibid. 

6 Am. Jour. Sci., 5th Series, Vol. IV., pp. 199-214. 

7™“W. A. Tarr, “Syngenetic Origin of Concretions in Shale,” Bull. Geol. 

Soc. Amer., Vol. 32, 1921, pp. 373-384. 
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careous cement in these concretions. Their origin is not clear, but 

they seem to represent a product of concentration formed on an old 

land surface with the help of cementation by iron compounds in the 

ground water. Pilgrim,* in speaking of concretionary layers in the 

Siwaliks, describes them as pseudo-lateritic in origin, and it is be- 

lieved that these also may have been formed in a laterite. No fossils 

have been discovered in this type of concretion. 

An analysis of a sample of the lavender clay of the “ Interior ” 

beds from the valley of Bear Creek, 2 miles north of Scenic, by 

Professor A. H. Phillips follows (1), contrasted with an analysis of 

the typical Pierre shale (2) from Pueblo, Colorado: ® 

(1) (2) 

Lavendar Clay of ‘‘Interior’’ Tepee Zone of Pierre 

beds, Bear Cr., 2 miles Formation, Pueblo, 
north of Scenic, S. D., Colo., Steiger, 

; Phillips, analyst. analyst. © 

SiQsss abnca een eee 61.20 60.80 

TiO... .o.4e eee eee .58 47 
AlLO,- os ee ee 18.75 ; 15.63 

FaOs):: 6 Gt ee 4.39 4.52 

FeO ... «2 Jvc kare eee ens Py | oes 

MnO. s. ».<:2's:s:seeeereen .06 ee 

CaO oe ina ss eee ee .37 1.63 

MeO, oo coi ys ae eee 1.06 2.73 

KO i eo ee, 3.83 2.55 
Nas)... s:s:s:0:0/s'sn/ae eee 1.59 1.45 

af CRA et .09 10 

HO << 110" (3.0. eae 2.73 3.19 

Loss on Ignition.......... 4.72 } : oe pal _ 

~ 100.10 100.20 

The noteworthy features of the chemical composition of the “ In- 

terior” clays are: (1) that the total percentage of iron oxides is some- 

what higher than in the underlying Pierre; (2) the percentages of 

lime and magnesia dre notably lower; and (3) the percentage of 

potash is considerably higher than that of the Pierre. The propor- 

tion of iron oxides given is lower than the average for the “ Interior ” 

8 Records of Geol. Survey of India, Vol. XLII., Pt. 4, 1913. 

®°U. S. G. S., Geol. Atlas of the U. S. Pueblo Folio No. 36, p. 7. 
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lying Leptauchenia beds, along the edge of Cooney Table in Battle Creek Draw. 

Marginal numbering corresponds to divisions in Text Fig. 5, A2, and Text 

Fig. 9A. 

Fic. 2. Contact of Pierre shale (dark beds in lower half of picture) and 

Titanotherium beds, at main forks of Indian Creek. 
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beds as_a-whole because of the levels of concretions rich in hydrated 

ferric oxides in the upper part of the series. Concentration of iron 

and potash and diminution of the lime and magnesia content are char- 

acteristic results of weathering and leaching, suggesting that the 

“Interior ” formation represents the less soluble materials of over- 

lying beds, which were eroded before White River time. 

The relation of the “Interior” beds to the Pierre shale is an 

interesting problem. The wide distribution and uniform thickness 

of the “Interior” beds lead Ward '° to believe that their peculiar . 

characteristics are primary, and that they were deposited at a stage 

of the withdrawal of the great Cretaceous Cordilleran sea. He 

writes: “ The most rational! view seems to consider the material to 

have originally been just as different from the typical Pierre as it is 

seen to be today. Then follows the interpretation of a shallowing 

sea, a nearer shore line, a changing geography, an accompanying 

diastrophism.” 

The writer is inclined to agree with Toepelman in his opinion, 

cited above, that the color is secondary and due to the concentration 

of iron from the erosion of the Pierre and overlying beds during 

Eocene, or at least pre-White River time. The peculiar characters 

of this bed and its wide distribution below the Titanotherium beds 

lead the writer to believe that it was formed rather by weathering and 

leaching on the surface during a long period of pre-White River 

erosion than that its characters are primary as Ward suggests. It is 

unlikely that a bed as thin as this would happen to be the surface on 

which deposition began over a wide area, after a period of erosion as 

long as that from the later Cretaceous to the Oligocene. The thick- 

ness of this bed, 38 to 45 feet, suggests that weathering and iron 

impregnation took place to that depth. Such deep weathering is 

characteristic of warm and humid climates, hence the period of for- 

mation of the Interior type of clays may have been warm and sub- 

humid. The surface of the “Interior”’ formation seems to have 

been essentially a peneplain, for it shows only minor irregularity. In 

the upper part of the Interior formation, besides the concentrically 
banded iron concretions described above, there are found numerous 

narrow veins (% to 2 inches in width) filled with limonite. As 

10 Op. cit., p. 19. 
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ferric iron is a comparatively rare constituent of the Pierre shale 

(about 2 per cent.), this abundant occurrence of -it near the old sur- 

face may represent the erosion of a considerable thickness of later 

beds with concentration of their iron content. Some of this iron may 

have been leached out of the overlying White River clays and pre- 

cipitated where the downward circulation of water is stopped by the 

impervious Pierre shales. 

As pointed out above, in some sections of the Big Badlands the 

“Interior” beds are absent, and the White River (Titanotherium) 

sands and silts rest directly upon the Pierre shale. The north branch 

of Indian Creek, about 4 miles southwest of Scenic in Pennington 

Co., shows sections where the Interior clays are present and others 

where they are absent. Two sections in Indian Creek (G) and (H) 

and one in Bear Creek valley 3 miles northeast of Scenic (F), (near 

the locality where Thaddeus Culbertson made the first collection of 

badland fossils in 1850), whose geographic positions are given on the 

map, Fig. 1, are presented in Fig. 2. It will be observed that the 

thicknesses of Titanotherium clay overlying the Interior beds in (F) 

and (G) are, respectively, 7214 and 71 feet. In (H), where the In- 

terior beds are absent, the normal gray clays of the Titanotherium 

beds are 73 feet thick, and below them are 10 feet of channel sand- 

stone, 49 feet of irregularly banded pink clays and green silts, and a 

thin basal conglomerate. The great uniformity in thickness of the 

Titanotherium beds above the level of the “ Interior ” beds (71, 72%, 

and 73 ft.) indicates that deposition of the later Titanotherium beds 

began on a plain in which the streams flowed in shallow channels, 

thus continuing the peneplain of erosion of which the “ Interior ” 

beds are the surface. For convenience this may be termed the Inte- 

rior peneplain. The 60 feet of silts, sands, and gravels of Titano- 

therium age deposited below the level of the top of the “ Interior ” 

beds (Fig. 2, Section H) were evidently laid down in valleys which 

had been cut below ‘this peneplain shortly before the beginning of 

White River time. In the north branch of Indian Creek, about % 

mile south of E. H. Taylor’s ranch on Hart Table, one passes abruptly 

within 100 yards on the same contour from a section of 40 feet of 

Interior clays to 50 or 60 feet of Titanotherium silts, sands, and - 
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gravels. This indicates that the walls of the valley were quite abrupt. 

Pre-White River erosion in the north branch of Indian Creek had 

evidently removed the “ Interior ” beds and cut 15 or 20 feet into the 

underlying Pierre shale. Farther south (toward the center of the 

valley), where a massive sandstone 20 feet thick with a thin gravel 

bed at its base rests directly on the Pierre shale (see Plate 1, Fig. 2), 

the depth of erosion may have been still greater, but as the full section 

of the Titanotherium beds is not preserved there, it was impossible to 
measure the degree of erosion. The width of this valley was prob- 

ably from 3 to 5 miles or more, for the “ Interior ” beds do not out- 

crop again until 8 or 10 miles to the south, in the lower parts of 

Corral, Quinn, and Battle Creek Draws. Figure 3 is a diagram- 
matic sketch of this valley cut in the “Interior” peneplain. The 

shape of this valley is hypothetical, but the left side of the diagram 

is based upon the sections measured in Indian Creek. 

VWHWVNTVHIED KS oir cha 

Fic. 3. Diagrammatic sketch showing the probable relations between the 

Pierre, “Interior,” and Titanotherium beds, as observed on the North Branch 

of Indian Creek, 5 miles southwest of Scenic, based on Sections G and H. 

Vertical scale 60’ = 1”. 

The preservation of Titanotherium bones at lower positions than 

Cretaceous marine fossils, as reported by Loomis," might be possible 

along the sides of the valley where talus slopes or slumping of the 

“Interior ’ (Cretaceous) clays might bury occasional bones of Ti- 

tanotheres or other White River animals (A, Fig. 3). 

At the base of the Titanotherium beds deposited in the valleys 

eroded in the “ Interior ” peneplain is a gravel bed from three inches 

to a foot thick containing pebbles derived from the pre-Cambrian 

11 Op. cit. 
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section of the Black Hills. The pebbles of these gravels are larger 

in average size than those usually found in the channel deposits of 

the White River beds, but smaller in average size than the Pleistocene 

gravels described in a later section, usually being from one to three 

inches in diameter. 

It was observed that the Titanotherium beds filling the valleys in 

the “Interior” peneplain are strongly colored in irregular bands, 

often resembling cross-bedding. The clays and finer silts are usually 

pink or red, while the coarser silts and sands are green. These pink 

clays and green silts are often steeply cross-bedded with observed 

slopes of 40° or more. These may represent the foreset beds of 

lateral delta terraces along the sides of the valley formed during its 

aggradation. Sometimes thin seams of fine gravel are observed be- 

tween the bands of pink clay and green silt. The disappearance of 

the color banding as soon as the horizontal level of the old surface 

of the “ Interior ” beds is reached by channel filling and the extension 

of the Titanotherium clays as a cover over the “ Interior ” beds, pro- 

tecting them from erosion, suggest that the coloring matter in the 

early Titanotherium beds was derived from the iron-stained “ Inte- 

rior ” formation. 

The initiation of erosion giving rise to the channels in which the 

lower Titanotherium sands were deposited must have been due either 

to uplift, a change of climate, or a combination of these factors. The 

Black Hills are believed by many geologists ** to have been either com- 

pletely submerged or nearly so during the time of the great Cordil- 

leran sea of Cretaceous age. Cretaceous sediments are found with 

steep dips on the flanks of the Hills. If this was the case, the doming 

uplift with accompanying dissection must have taken place following 

the Cretaceous, for with the very beginning of Oligocene sedimenta- 

tion (basal gravels of the Titanotherium beds) the granites, pegma- 

tites, and schists of the pre-Cambrian core of the Hills were exposed 

to active erosion. It is probable that during the period of weathering 

resulting in the formation of the “Interior” beds the Black Hills 

were well mantled with vegetation and therefore not strongly eroded. 

Their altitude above the plain may have been less than at present, for 

12 Darton, “Geology of Southern Black Hills Region,’ U. S. G. S., 21st 

Ann. Rept., Vol. 4, 1900, pp. 556-558. 
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there has undoubtedly been marked uplift of the Hills since White 

River time. . 

After the formation of the “ Interior ” peneplain a climatic change 

involving greater aridity may have stripped the surface of most of 

its vegetation and allowed the surface soil to be removed more rap- 

idly. With less soil and vegetation to hold the water, the rain, falling 

in cloudbursts and violent storms characteristic of an arid climate, 

may have run off rapidly and cut channels for itself in the soft shales 

of the “Interior” beds, thus. rejuvenating the streams which had 

previously flowed across the surface of the plain in shallow channels. 

This dissection probably continued until the desiccation had also be- 

gun to affect the Black Hills. During this time a valley, or rather 

valleys, from one to several miles wide were formed, in which the 

rejuvenated streams flowed, but the period of erosion was evidently 

not long enough to smooth out the topography, as shown by the - 

abruptness of the valley edge in Indian Creek, referred to above. 

As the rock surface of the Black Hills became more exposed to 

erosion through the removal of soil and organic debris, the streams 

leading from this uplift out upon the plains carried a larger amount 

of clastic material, and soon this began to be deposited as sand and 

gravel in the stream beds. Thus the sandstones and conglomerate at 

the base of the White River had their origin. After the channel cut- 

ting, aggradation assumed a predominance over degradation in the 

area of the present Big Badlands which it retained throughout White 

River time. When the narrow central channel was filled, the streams 

spread sheets of silt over the valley floor, and occasionally shifted 

their channels. Lateral delta terraces, now represented by steep 

cross-bedding in the pink and green silts, formed along the sides of 

the valleys. This deposition of sandstones and pink and green silts 

continued until the valley had been completely filled and the old pene- 

plained surface reformed as a plain of aggradation. Then the Ti- 

tanotherium beds channels were free to wander over the plain at will 

and the uneroded portions of the “ Interior” beds were preserved — 

under a cover of gray Titanotherium clay. . 

The Titanotherium Beds——The Titanotherium beds are distrib- 

uted widely through western South Dakota and Nebraska, as well as 
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in northeastern Colorado and eastern and central Wyoming, but they 

have been studied by the writer only in the region of the Big Bad- 

lands of South Dakota. They have been described by Hatcher,1* and 

their character in regions. other than South Dakota, discussed by 

Matthew ** for northeastern Colorado, Darton** for western Ne- 

braska and eastern Wyoming, and Sinclair and Granger ** for the 

Wind River and Big Horn basins. In the South Dakota Big Bad- 

lands the Titanotherium beds consist of spongy clay or silt, sand- 

stones, conglomerates, and fresh-water limestones. All of these are 

subject to sharp lateral variation. The earlier writers held that the 

Titanotherium beds, as well as the other elements of the White River, 

were deposited on the bottoms of large lakes in quiet water. This 

view was supported by Hatcher in his paper on the Titanotherium 

beds, but was later abandoned?’ and a fluviatile hypothesis substi- 

tuted. Fraas ** believed that the Titanotherium beds were “ deposited 

in a slow-moving river which emptied into a broad delta on level 

stretches of the Fort Pierre.” He refers to conglomerate at the base 

of the Titanotherium beds. 

It is more difficult to interpret the history of the Titanotherium 

beds than that of the later members of the White River because of 

their variability in thickness and lithologic character from point to 

point. Over large areas the whole of the Titanotherium beds is 

represented by spongy gray clays with occasional thin bands of lime- 

stone. In other areas sandstones and conglomerates from old stream 

deposits form a very prominent part of the section. It is in the latter 

that the remains of Titanotherium and other contemporary mammals 

are most commonly preserved. It is not usually possible to follow 

the courses of single channels clearly in the Titanotherium beds, 

although it appears that the general direction of flow was to the south- 

east or east. There were probably streams with shifting channels 

which frequently overflowed their banks and formed the widespread 

18 Am. Nat., Vol. 27, 1893, pp. 204-221. 

14 Mem. Am. Mus. Nat. Hist., Vol. 1, Pt..7, 1901, p. 356. 

15U, S. G. S., Prof. Paper 17, p. 40; Prof. Paper 32, pp. 169-175. Geol. 

Atlas, Folios 85, 88, 91, 173; 21st Ann. Rept., Vol. 4, 1900, pp. 542-545. 

16 4m. Mus. Nat. Hist. Bull., Vol. XXX., pp. 83-117, 1911. 

47 Am. Phil. Soc., Proc., Vol. 4, 1902, pp. 113-131. 

18 Science, N. S., Vol. 14, 1901, pp. 210-212. 
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clay deposits away from the channels. Channels were more numer- 

ous and a larger amount of coarse material was transported than in 

those cutting the Oreodon or Leptauchenia beds. The clastic mate- 

rial of the Titanotherium channel sandstones is mostly derived from 

the pre-Cambrian schists and pegmatites of the Black Hills, as noted 

by the writer in an earlier paper. 

Another pronounced character of the Titanotherium beds is the 

abundance of fragments of fresh feldspar. This, in all samples. 

studied, is predominantly microcline, and microcline is also the most 

abundant feldspar in the channel sands and gravels of all stages of 

the White River. Albite and oligoclase were rarely found, and 

orthoclase, when found, was more weathered than the other varieties. 

The gridiron structure of the microcline is usually very fresh. An 

interesting parallel to the White River channel sandstones is found 

in the Millstone grits of Yorkshire, described by Gilligan,*® who 

states: “As with the larger pebbles, the dominant feldspar is micro- 

cline, next in order comes microcline-microperthite, then oligoclase, 

and orthoclase. Very basic feldspars appear to be altogether absent 

in the fresh state, and were never, I believe, present in any notable 

quantity. These feldspars are often exceedingly fresh. As in the 

larger pebbles, the cross-hatching of the microcline is wonderfully 

well shown, while the oligoclase is frequently quite unaltered. Micro- 

cline is, as is well known, the most resistant of all feldspars to altera- 

tion, and is found quite fresh in deposits of all ages.” 

Lenses of algal limestone, sometimes in the form of sheets and 

sometimes as levels of algal balls, all of which are local and generally 

very thin, from one to eight inches in thickness, are a common feature 

in the Titanotherium beds. At one locality in the basin of the north 

branch of Indian Creek algal balls were found which had grown 

around Unio shells. These were very abundant, forming a continu- 

ous sheet over an acre or so. At many places the limestones are 

irregularly replaced by silica in the form of opal or chalcedony. 

They were probably formed in shallow ponds on the surface of the 

flood plain in slight depressions where flood waters were undrained, 

the thinness of the limestone sheets indicating the temporary nature 

of these basins. 

19 Quart. Jour. of Geol. Soc. of London, Vol. LXXV., 1919, p. 262. 
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It is not evident whether the drainage of this region was carried 

through to an ocean basin at this time or not. The fact that the 

White River beds around Scenic have a larger number of channels 

than those near Interior, 30 miles farther from the Black Hills, sug- 

gests that the streams of White River time may have been distribu- 

taries spreading their deposits on a subaérial delta. Johnson *® in 

describing the modern high plains points out that though the climate 

is not that of a desert and the region is not a structural basin, still 

“they have practically no drainage, the local precipitation being dis- 

posed of by absorption.” The present is a period of erosion through 

the plains area as a whole, and the preservation of the high plains is 

partly due to a covering of sod, but during White River time the con- 

ditions favored aggradation rather than degradation, and it is quite 

reasonable to believe that the streams may have been distributaries 

from the points where they left the mountains until their disappear- 

ance by absorption and evaporation on the plain. 

A fossil tree was found by the 1922 party almost at the base of 

the Titanotherium beds in the west branch of Corral Draw, with roots 

in the normal position of growth and sections of the trunk lying 

around near the stump. It has been submitted for study to Dr. R. W. 

Chaney, who reports that, from all the evidence at hand, it appears 

to be a Celtis. 

As pointed out in the earlier paper, the Titanotherium clays are 

clearly differentiated from those of Oreodon age by a difference in 

their weathering characteristics. The slopes of the Titanotherium 

clay outcrops are rounded and deeply weathered. The writer, in 

endeavoring to obtain a fresh sample of this clay, dug into a bank to 

a depth of two or three feet, finding the clay below the surface quite 

damp, nearly saturated with water, and pale green in color. It is 

impossible to obtain a specimen of the clay which will not crumble to 

pieces on slight pressure of the hand. The amount of calcareous 

cementing material in the Titanotherium clays is distinctly less than 

that in the clays of the Oreodon beds, averaging only 1 to 5 per cent., 

while the Oreodon clays contain 10 to 30 per cent. The sharp change 

in the amount of cementing material at the contact seems to indicate 

that the cementation is not due to the activity of ground water after 
20U. S. G. S., 21st Ann. Rept., Vol. 4, p. 610, 1900. 

PROC, AMER. PHIL. SOC., VOL. LX, N, OCT. 18, 1923. 
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the deposition of the sediments. Therefore the change in the cement 

from Titanotherium to Oreodon clays indicates a change in the con- 

ditions of rainfall and surface water, and therefore a change in cli- 

mate. The very discontinuous character of the clays and sandstone 

beds of Titanotherium age is also evidence of relatively humid cli- 

matic conditions. 

According to Johnson,” “all streams carry rock material in solu- 

tion, as well as a visible load in suspension, and commonly they are 

more or less ‘hard’ with dissolved calcium carbonate. But only 

desert streams deposit this chalky material upon their waste plains in 

appreciable quantity.” The inference is that in a series of flood-plain 

clays those with a higher percentage of calcareous cement were de- 

posited under more arid conditions than those with less calcareous 

cement, other factors such as the supply of calcium carbonate at the 

source remaining constant. Sheet flood action, when a flood from a 

river or a number of parallel rivers spreads over many miles of inter- 

vening flats, is also characteristic of semi-arid rather than of humid 

“ec 

regions. 

The conclusion to be drawn from the above facts with respect to — 

the climate of Titanotherium time is that it was for the most part 

humid or semi-humid, and that the sediments were deposited in river 

channels and flood plains and as thin sheets spreading across the plain 

at times of torrential rainfall. The climate was seasonal, as the fossil 

tree found shows well-developed annual rings. Ponds were formed 

here and there on the surface of the plain in shallow depressions 

where the excess flood waters gathered and remained until evapora- 

tion or absorption had dried them up. In these ponds fresh-water 

alge and some fresh-water mollusks flourished, at least while the 

water remained fresh. Probably the ponds were frozen over during 

the winter, at least occasionally, as the writer has several times found 

pebbles two or three inches in diameter embedded in the fine-grained 

calcareous deposits of the ponds. Ice seems to be the only agent 

capable of transporting such pebbles to the middle of a pond. There 

was probably a fairly rich cover of vegetation, though trees may have 

grown chiefly along the courses of streams. The Titanotherium, one 

of the largest land mammals of the earth’s history, lived during this 

21 Tbid., p. 639 on. 
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period, and also, as Hatcher * pointed ovt, was undergoing rapid 

change toward its climax. The great size development of the Titano- 

theres may confirm other evidence presented above that the northern 

plains province during the period of deposition of the Titanotherium 

clays enjoyed a mild humid or sub-humid climate. It is a reasonable 

possibility that the extinction of the Titanotheres may have been 

brought about by a change to a period of less rainfall during Oreodon 

On the other hand, the presence of gypsum in part of the Titano- 

therium beds shows that the favorable climate must have been inter- 

rupted by periods of marked aridity. It has not been observed by 

the writer, but is described as follows by Ward ** for the Interior 

district : “ One of the common variations is the presence of gypsum, 

which occurs only in the basal purple-red portion of the Titano- 

therium, but is found in many localities. There are no beds of this 

mineral. It occurs rather as irregular lumpy small masses usually 

only a few inches in diameter and with no alignment or evident plan 

or grouping. Occasionally several are connected. In some instances 

chalcedonic silica occurs with the gypsum, and, since on weathering, 

the gypsum is readily removed, the silica is at times found alone. A 

small amount of the gypsum is fibrous, occurring in natrow veins 

running in several directions with no well-established system.” ?* 

Professor Fraas ** mentions that “certain layers are very rich in 

gypsum and barite. Both minerals are now represented only in 

pseudomorphs of chalcedony, formed out of gypsum and barite.” 

There are in several places large bell-shaped masses of chalcedony 

with hollow centers and botryoidal structure. These have been 

found up to a size of about one foot diameter. They are abundant 

in the lower Oreodon beds in Bear Creek basin about 5 miles south 

of Scenic. There are also frequent smaller concretions of chalcedony 

many of which Honess ** has shown to be pseudomorphs after gyp- 

sum. He has also detected a little unreplaced gypsum. The writer 

has found a small nodule of tabular barite crystals in the badland 

22 Am. Nat., Vol. 27, 1893, pp. 204-221. 

23S. D. Geol. and Nat. Hist. Survey, Bull. 11, p. 22. 

24 Op. cit. 

25 Amer. Jour. Sci., 4th Series, Vol. V., p. 173, February, 1923. 



208 WANLESS—STRATIGRAPHY OF 

clays, and Honess detected barite crystals with calcite along the cen- 

tral unfilled portions of chalcedony veins, which are discussed below. 

Apparently the deposition of barite and gypsum took place through- 

out much of Titanotherium and Oreodon time, as the chalcedony 

pseudomorphs have quite a wide vertical distribution. They were 

probably desiccation products and it is observed that they are quite 

abundant in the lower red layer. Along the edge of Hart Table, 

3 miles southwest of Scenic, a disconnected layer of chalcedony 

pseudomorphs was discovered, but they are usually found lying ex- 

posed on the surface, as they persist long after the removal of the 

clay by erosion. The gypsum may have been deposited in shallow 

playas during periods of unusual aridity in Titanotherium and Ore- 

odon time. 

The character and origin of the lower Titanotherium beds which 

were deposited in valleys cut into the peneplained surface of the In- 

terior beds was fully discussed under the latter. 

There are sandstone channels developed at various horizons within 

the Titanotherium beds, but it is rarely possible to follow a single 

channel for more than a quarter of a mile. The positions of two of © 

these channels are shown in the sections in Fig. 2. In the valley of 

Indian Creek over quite a wide area a bed of channel sandstone from 

15 to 25 feet in thickness rests directly on the Pierre shale surface. 

This is shown in Plate 1, Fig. 2. In Battle Creek draw over an area 

of several square miles are exposed uniform gray clays of the Titano- 

therium beds, with no channels and only occasional thin limestone 

lenses. In Corral Draw channels are numerous and at various levels, 
while at Interior no channels were observed, though Ward ** in a 

detailed examination of the area found two small channel deposits in 

the Titanotherium beds. 

Sandstone dikes and chalcedony veins occur throughout the Ti- 

tanotherium beds, and will be treated separately in a later chapter. 

Titanotherium-Oreodon Unconformity and Limestone Sheet.— 

Throughout the area of the Big Badlands and along the northern 

base of Pine Ridge, as described by Darton, there is a marked change 

in the character of the sediments at the contact between the Titano- 

26 Op. cit., pp. 21-22. 
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Fic. 1. Edge of Cooney ‘lable, Battle Creek Draw, showing two algal 

limestone sheets (a’, a”) in the Oreodon beds. Marginal numbering corre- 

sponds with Text Fig. 5, section Al, and with Text Figs. 4 and 9A. 

Fic. 2. Looking across Indian Creek, above its main forks from the level 

of the peneplain at the top of the Titanotherium beds. Contact of the latter 

with the Pierre shale is indicated by the pointers. 
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therium-and-Oreodon beds. In the Big Badlands the contact is 

slightly irregular. It is marked at many points by the presence of a 

thin discontinuous sheet of algal limestone from one to six inches 

thick. This thin limestone sheet was observed all the way from the 

Wall of the Badlands, north of Interior, to the head of Cedar Creek, 

about 65 miles to the southwest. Darton mentions the presence of a 

sheet of limestone at the top of the Chadron at Goshen Hole, Wy- 

oming, on the North Platte River, about 150 miles from the Big Bad- 

lands, and in western Nebraska.27 At some places it is absent and 

often it is almost completely replaced by silica either as chalcedony 

(brown or black) or as opal (white). This represents deposition in 

a shallow body of water, or rather many distinct shallow ponds. It 

contains fresh-water mollusks which are characteristic of small glacial 

ponds at present. Dr. Pillsbry ?* recognizes Lymnea, two small 

species of Planorbis, an Ostracod of the nature of Cypris, and a well- 

preserved fish-scale, probably a small member of the Cyprinide, in 

material from this limestone at the base of the Wall of the Badlands 

_ five miles northeast of Imlay. He writes: “ This appears to be a 

pond or shallow lake fauna. The snails are such as occur at the 

present time in the zone of abundant plants mainly less than 20 feet 

in depth. Very similar deposits are forming now in some ponds of 

' the glaciated region of northern New Jersey, New York, and all the 

northern states. The great extension of the deposit . . . suggests 

widespread marsh and pond conditions. The lack of any land snails 

as well as the almost purely calcareous nature of the sediment ex- 

cludes the idea of anything of the order of loess.” 

There is evidence of moderate erosion between the close of Ti- 

tanotherium deposition and the algal limestone and Oreodon beds. 

This is indicated by the degree of irregularity in the contact surface. 

In Battle Creek Draw the contact drops 15 or 20 feet in level in a 

quarter of a mile and a thin sheet of algal limestone rests on the 

clay over the entire slope, showing that the period of limestone for- 

mation succeeded the erosion interval. The length of the time inter- 

val between Oreodon and Titanotherium beds deposition may only 

27 Geological Atlas of the U. S., Hartville Folio (No. 91), p. 3. 

28 Personal communication. 
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be conjectured, but the average thickness of Titanotherium clays re- 

moved during this interval apparently did not exceed 20 feet. A 

photograph reproduced in Sinclair’s paper on the “ Turtle-Oreodon 

Layer” ?® shows the Titanotherium-Oreodon unconformity very 

clearly along the edge of Hart Table, but the asterisk in the margin 

indicating the contact was unfortunately placed by the printer %4 inch 

too high. The “rather persistent bed of reddish clay above which 

an Oreodon beds fauna occurs ” at Interior,®° at which the base of the 

Oreodon beds was temporarily placed when the Interior section was 

first studied by us in 1920, has not been recognized elsewhere in the 

badlands, and is now regarded as of no significance as a horizon 

marker. 

The climate of the time of deposition of the limestone must have 

been more humid than that at any other period of White River 

deposition in the area of the Big Badlands, because limestone sheets 

indicating fresh-water pond deposits were more widespread at this 

horizon than at any other. There is only a slight mixture of mechan- 

ical sediment in the limestone, though small fragments of quartz, 

biotite, tourmaline, and occasional glass fragments are found. These 

may have been blown into the pond as a dust. 

This limestone sheet is more silicified in some areas than in others, 

and it was observed that where chalcedony veins were abundant the 

calcium carbonate was generally replaced by silica, while in areas 

where chalcedony veins are absent it remained a limestone, often 

containing only 4 or 5 per cent. of non-calcareous material. This 

suggests that the silicification was due rather to ground water than to 

diatoms or other siliceous organisms in the limestone, and that the 

distribution of silica-rich ground water was irregular rather than 

universal. 

The Oreodon Beds——The Oreodon beds are widely developed 

and exposed throughout the western part of the Great Plains province, 

especially in northeastern Colorado, where they are called the Cedar 

Creek beds by Matthew; in southeastern Wyoming; and in western 

Nebraska and South Dakota. Their characters in regions outside the 

29 Proc. oF AMER. Put. Soc., Vol. LX., 1921, Plate VII., Fig. 1. 

80 Thid., p. 459. 



WHITE RIVER BEDS OF SOUTH DAKOTA. 211 

Big Badlands“are described by Matthew, Darton,*? and Todd.** 
Osborn ** and Matthew * have discussed and listed the mammalian 

fauna, which is one of the largest known from the Tertiary forma- 

tions of the west. 
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Fics. 5-6. Parallel columnar sections of the Oreodon, Leptauchenia, and 
Lower Rosebud beds in the Big Badlands. (A-E on the map, Fig. 1.) Vertical 

scale 120’==1”. Shape of channels in Section A: conventionalized. 

31 Mem. Am. Mus. Nat. Hist., Vol. 1, Pt. 7, 1901, p. 356. N.E. Colorado. 

32 U. S. G. S. Prof. Paper 17, pp. 38-40; Prof. Paper 32, pp. 169-175; Geol. 

Atlas, Folios 85, 87, 88, 91, 173; 21st Ann. Rept., Vol. 4, 1900, pp. 542-545. 

33S. D. Geol. Surv., Bull. No. 2, 1898, pp. 43-68. 

34U. S. G. S., Bull. 361, pp. 62-63. 
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As most of the collections made by the Princeton expeditions have 

come from the two zones of caliche nodules in the lower part of the 

Oreodon beds, this series has been more widely observed by the 

writer than any other member of the White River formation. 
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In Figs. 5 and 6, five columnar sections of the Oreodon beds and 

parts of the overlying Leptauchenia beds are represented. These 

sections are distributed as follows (see Index map, Fig. 1): (A) at 

85 Ibid., pp. 105-6, 110-11. 
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the head-of Corral Draw to the top of Cooney Table at the divide 

between Corral, Quinn, and Cottonwood Draws; (B) at the Cedar 

Butte, a high isolated butte about 2 miles northwest of the junction 

of Cottonwood Creek and White River and about 10 miles south of 

Sheep Mountain; (C) at Entelodon Peak, named by the Princeton 

party in 1920 because of the numerous skulls and jaws of entelodonts 

collected in the vicinity of this butte in the lower zone of caliche 

nodules, near the head of the east branch of Indian Creek, and about 

6 miles southwest of Scenic; (D) at the western end of the Wall of 

the Badlands from the valley level to the top of a conspicuous high 

flat-topped butte capped by a massive layer of channel sandstone—this 

is 5 or 6 miles northeast of Imlay station; (EZ) the Cedar Pass sec- 

_ tion of the Wall of the Badlands, about three miles northeast of 

Interior. The discussion of the Oreodon beds will be based on these 

sections, as they are quite widely distributed through the area. 

The Oreodon beds will, for convenience, be divided into five 

elements, each of which has sufficiently distinct character and wide 

lateral extent to entitle it to separate consideration. The divisions 

are shown in Fig. 4. | 

(1) The Lower Nodular or Caliche Zone——tThis is one of the 

most uniform and widely distributed horizons of the western Ter- 

tiaries. It extends with comparatively little change in thickness or 

lithologic character from the eastern part of the Wall of the Bad- 

lands, west and southwest to the head of Cedar Creek, the farthest 

point in that direction reached by the Princeton parties, and Professor 

Loomis has informed the writer that it is similarly developed in the 

Hat Creek basin in northwestern Nebraska and eastern Wyoming, a 

distance of 150 miles from the Interior section. 

It consists of fine silt generally colored a pale pink and when 

weathered a light rusty brown. It contains fragments of quartz, 

biotite, muscovite, tourmaline, and more or less weathered feldspar, 

with a small amount of volcanic glass, which never, however, forms 

an important constituent of the silt. It has from 10 to 15 per cent. 

of calcareous cement, and where consolidated into caliche nodules 

may contain from 25 to 30 per cent. 
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The lower red layer varies as follows in the section shown: Cor- 

ral Draw, 46 feet ; Indian Creek, 40 feet; northeast of Imlay, 45 feet; 

and the Cedar Pass section, 43 feet. It is not exposed in the Cedar 

Butte section in Cottonwood Creek. This is a degree of regularity 

extremely unusual in continental deposits. 

Fic. 4. Divisions of the Oreodon beds recognized in the sections in the Big 

Badlands. Vertical scale 60’=1”. 

The nodules are developed along certain definite levels throughout 

the zone. These levels are generally more abundant toward the top 

of the red layer. In Indian Creek around Entelodon Peak three 

levels of nodules occur, all in the upper 6 or 7 feet of the zone. In 

Corral Draw nodules are developed throughout the red layer at fre- 

quent levels to within a foot or so of its base. In Battle Creek Draw 

nodules are generally absent, and are found only in the vicinity of 

one or two small channel sandstone deposits. In some sections north- 

east of Scenic in Sage Creek and Cain Creek basins, and the section 
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of the Wall of the Badlands northeast of Imlay, no nodules are found, 

but the total thickness of the red layer is represented by a uniform 

series of pinkish clays. At Interior caliche nodules are again well 

developed. 

Ward * describes the section of the Oreodon beds at Interior and 

states that there are from 115-135 feet of banded red and green silts 

of Lower Oreodon age below the Lower Nodular layer. It is not 

possible to identify all of his field divisions with the writer’s section 

at Interior. He describes an unconformity at the base of the Ore- 

odon beds, and states that in one instance the unconformity was 

angular with an angle as high as twelve degrees. The beds below 

the lower red layer in the Interior section have not been carefully 

studied by the writer. As noted above, at many widely separated 

localities throughout the Big Badlands the lower red layer was found 

to vary in thickness between 40 and 46 feet. It always rested upon 

the Titanotherium beds unconformably, and generally was separated 

from the latter by a band of fresh-water limestone less than a foot in 

thickness. Therefore, when the section of the lower red layer at 

Interior was found to measure 43 feet, a thickness intermediate be- 

tween the maximum and minimum observed elsewhere in the Big 

Badlands, and a thin band of algal limestone was observed at its base 

(on the ranch of W. E. Brown, about 2 miles northeast of Interior), 

it was assumed by analogy that the beds below this level were of 

Titanotherium age. No titanotheres were observed in these beds 

immediately below the Lower Red layer, and therefore the writer has 

no faunal data for this correlation. The difference between the 

writer’s Interior section and Ward’s may be due to (1) a different 

use of the term Lower Nodular layer; (2) an erosional break within 

the Titanotherium beds which Dr. Ward has interpreted as the Ti- 

tanotherium-Oreodon contact; or (3) a great thickening of the 

Lower Oreodon beds whereby 115 to 135 feet were deposited during 

the period represented by the Titanotherium-Oreodon gap in the Big 

Badlands. The latter assumption seems unlikely, inasmuch as the 

Red layer with a thickness of 45 feet rests upon normal Titano- 
therium clays in the section of the Wall of the Badlands northeast 

36 Op. cit., pp. 24-26. 
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of Imlay (D) only 20 miles west of this locality. This correlation 

could probably be settled satisfactorily by observations along the base 

of the Wall of the Badlands between Imlay and Interior where the 

lower Oreodon beds are continuously exposed. 

The writer’s interpretation of the formation of caliche nodules, 

as outlined in the earlier paper ** and by Sinclair,** is that each hori- 

zon of caliche nodules represents an old land surface under conditions 

suitable for high evaporation. This would probably be a warm and 

semi-arid climate. The clay at or near the surface of the plain was 

then cemented by calcareous material, which was deposited by the 

ground water as it evaporated. Pilgrim ** describes similar concre- 

tionary pseudo-conglomerates which characterize the Lower Siwaliks 

of Northern India. He suggests two possible origins for them: 

“ (1) formation beneath water, due to segregation of calcareous ma- 

terial implying contemporaneous origin, and (2) formation subse- 

quent to deposition. If the latter is accepted, there are two alterna- 

tives: (1) Formation.at a much later date in the nature of veins and 

pockets produced by infiltration. This would not account for thin 

bands widely distributed and should be absent from adjacent sand- 

stones and clays. (2) The entire concretionary structure of a par- 

ticular band was produced in it before the deposition of layers above 

it. The only way in which this can have taken place would be if 

long periods of entire or almost entire cessation of flood alternated 

with periods during which floods were of constant, probably annual 

occurrence. During periods of rest large portions of land surface 

must have remained almost dry and have been subjected to atmos- 

pheric forces, capillarity and evaporation, such as determine the for- 

mation of kankar in the plains of Bengal at the present day. The 

concretionary band, therefore, represents a soil layer, which is of 

greater or lesser thickness, according to whether it has remained sub- 

ject to atmospheric influences for a longer or shorter time. Since it 

may be concluded that the layers of sediment left exposed during 

each of the periods of desiccation would vary in their lithological 

87 Proc. AMER. Puitos. Soc., Vol. LXI., 1922, pp. 195-197. 

88 Proc. AMER. Purtos. Soc., Vol. LX., 1921, pp. 462-465. 

39 Records of Geol. Survey of India, Vol. XLII., Pt. 4, 1913. 
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character, being sometimes sand and sometimes clay, we should ex- 

pect the subsequent character of the concretionary band to vary also. 

This is in fact the case. The color and material of the matrix is very 

different in different bands, although the nature of the concretionary 

action in general appears to have been the same.” *° He goes on to 

suggest that the great frequency of concretionary layers in the Lower 

Siwaliks, implying numerous halts in deposition, may mean that twice 

as much time is demanded for their deposition as for that of the 

Middle Siwaliks in which there is not much evidence of halts in 

deposition. A close parallel to the caliche layers in the White River 

formation is here presented and an explanation almost identical with 

that adopted for South Dakota conditions has been reached. Pil- 

grim’s suggestion of the lengthening of the total period of deposition 

is important, and may imply a length of time out of proportion to 
their thickness for the Lower Oreodon beds. 

The irregularity of the development of the caliche nodules both in 

the Oreodon beds and the Leptauchenia beds presently to be men- 

tioned is a problem for solution. As mentioned above, over wide 

areas such as most of the basin of Cain Creek northeast of Scenic 

nodules are practically absent in the Red layer, the total thickness 

being represented by pink clay. There are no channel sandstones 

observed in the Lower Oreodon beds in this area. Near the head of 

Battle Creek Canyon southwest of Scenic, after prospecting several 

miles of exposures of the Red layer where nodules were not devel- 

oped, a small area with a rich exposure of caliche nodules was found. 

Within a hundred yards of this outcrop was the only stream channel 

which had been seen in the Lower Oreodon beds in this whole creek 

basin. The very rich development of caliche ash nodules around the 

Protoceras channels at the head of Corral Draw (described below) 

and their absence elsewhere in the Leptauchenia beds also suggests a 

connection between stream channels and caliche nodule development. 

It is probable that the absence of caliche nodules away from the 

stream channels is due to the fact that the water table is further from 

the surface, and therefore the evaporation of water drawn to the sur- 

40 Tbid. 
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face by capillarity and the deposition of CaCO, as a cement of the 
clays is correspondingly less. The caliche beds are only well devel- 

oped in the vicinity (within a quarter to half a mile) of the courses 

of the old stream channels where the amount of ground water and 

its dissolved carbonates would be greater. 

It has recently been observed that most of the clays of the Lower 

Oreodon beds, as well as the caliche nodules, are composed of small 

rounded balls or pellets of. clay varying from the size of wheat grains 

to that of a large hickory nut. These are enclosed in a matrix of © 

clay usually slightly different in color. They evidently are formed of 

small fragments derived from the land surface of the bed below, 

plucked by advancing flood waters and incorporated in the silts de- 

posited by the flood upon its subsiding. The rounded form of the 

pellets is evidently due to the rolling and may have resulted in 

some rounding off of angular faces and accretion of clay picked up 

while the pellets were moving. As these do not show a concentric 

development, the latter does not seem to have been as important a 

factor as the former. The pellets may be easily detected by the un- 

aided eye and sometimes weather out as hard rounded balls about the 

size of hickory nuts. 

Plate III., Fig. 2, shows such a pellet conglomerate from the 

Lower Nodular layer in Battle Creek Draw. Clay balls are found in 

the bottom of many badland draws today. These are of much larger 

size and somewhat different origin. They average from 5 inches to 

a foot in diameter and are formed mainly by accretion. Extraneous 

material, such as fragments of chalcedony veins and small pebbles, 

are found in these masses as well as clay. They may be easily broken 

up by slight pressure. There is an excellent illustration of these 

modern clay balls in Dr. O’Harra’s Badland report.** The presence 

of clay balls abundantly distributed through the badland clays is one 

of the most definite proofs of the sheet-flood transportation of: the 

clays containing them, for the settlement of finely divided clay in 

lake basins does not produce these structures. 

It may be well here to review a few of the other evidences found 

in the zones of caliche nodules in support of the flood-plain deposition 

41S. D. School of Mines, Bull. No. 13, Plate 714. 
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Lower concretionary zone, Oreodon beds, Bear Creek basin. 

a 

Tic. 2. Clay pellet conglomerate from the Lower Nodular layer in Battle 

Creek Draw. Part of a large nodule inclosing two individuals of the sabre- 

tooth tiger Hoplophoneus primevus, No magnification. 
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Fic. 1. Upper Nodular layer, Oreodon beds, Corral Draw basin, about one 

mile southwest of Cottonwood Pass. 
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Fic. 2. Lower Nodular layer, Oreodon beds, in Indian Creek basin near the 

Big Corral Draw divide. 
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Oreodon beds numbered to correspond with Al and A2, Text Fig. 5, and also 

with Text Figs. 4 and 9A. 
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Fic. 2. Main head branch of Corral Draw cutting a Metamynodon channel 

(No. 12, Text Figs. 5Al and 7). Protoceras channel to right of central butte. 
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of the sediments. Sinclair ** has discussed some of these in an earlier 

paper. 
(1) Turtles are very abundant in the red layer. Frequently the 

fossilized carapaces are found in all sorts of positions (bottom side 

up, or even on edge), and the hollow central cavities are filled with 

clay usually containing small clay pellets of the type above described. 

These turtles are all land tortoises, mostly of the species Stylemys 

nebrascensis. The only aquatic turtles collected from the badlands 

are from the stream channels. 

(2) It was mentioned above in connection with algal pond de- 

posits that fresh-water gastropods were found abundantly in the lime- 

stones of pond origin through the Oreodon and Titanotherium beds. 

In the upper and lower red Oreodon clays, and the Leptauchenia 

nodular clays at Interior, land snails have been found fossilized in 

caliche nodules. These have been specifically determined by Dr. 

Pillsbry as follows: Helix leidyi (Meek and Hayden) ** a land snail, 

in the Lower Red layer and Leptauchenia clays, and Lymnea shu- 

mardi (Meek and Hayden) probably a fresh-water gastropod, in the 

upper read clays. . 

(3) Mouse-gnawed bones are frequently found in the badland 

clays. 

(4) In the preparation of a Cenopus skull many casts of insect 

larval burrows were found within and around the skull, suggesting 

that it had lain on the surface for some time before burial, and the 

flesh had been devoured by the scavenging insects which subsequently 

burrowed for pupation in the mud investing the skull. Similar 

larval burrows are found isolated in the clays and not associated with 

-skulls or other bones. 

(5) Coprolites of carnivorous animals are abundantly preserved 

in the badland clays. They are specially numerous around skulls or 

partial skeletons of herbivorous animals such as Oreodons and En- 

telodons, but do not represent the intestinal contents of these animals, 

since they often show fragments of bone. Many of the coprolites 

have not been softened and show distinctly the impress of the anal 

muscles. It is known that modern carnivores have a habit of sniffing 

42 Proc. or AMER. Pur, Soc., Vol. LX., 1921, pp. 461-462. 

43 U. S. Geol. Surv. of Territories, Vol. IX., Meek, pp. 598-604. 
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around inedible substances and defecating disgustedly thereon. 

Hatcher, collecting in the western badlands, once had the experience 

of having several packages of fossils torn open by a coyote in his 

‘absence, and fecal material dropped on each package. 

(6) At many places throughout the outcrops of the nodular layer 

fragmentary remains of several different kinds of animals are found 

close together, often within an area ten feet or less in diameter. For 

example, in the valley of the north branch of Indian Creek skull and 

jaw fragments of Hoplophoneus, Hyenodon, Oreodon, Leptomery-x, 

Percherus, and Mesohippus were all found close together. These 

bone piles probably were accumulated by being dragged to their pres- 

ent positions by carnivorous animals. In the locality referred to there 

may have been the lair of some Oligocene sabre-toothed tiger or 

Hyenodon. 

(7) Occasionally skeletons are exposed on the plain in death pose. 

“Tn 1920 an articulated Oreodon skeleton collected by the Princeton 

expedition had the head and neck bent back in a manner frequently 

observable in the more or less dried-up carcasses of sheep killed in 

storms.” 4 This skeleton is shown in Plate III., Fig. 1. 

(8) In 1922, in Battle Creek Draw, two skeletons of sabre- 

toothed tigers (Hoplophoneus) were found in the Lower Red layer 

in Battle Creek Draw in a very restricted area, about one yard in 

diameter. No sabres were found in the skulls, but all four of the 

sabres were found separately associated with toe bones, vertebre, 

and other skeletal parts. These skeletons were probably embedded 

in some local depression. 

(9) Articulated skulls and jaws of Oreodons detached from any 

other skeletal remains are very common in the badland clays. These 

heads may have been dragged off by carnivorous animals from the 

remainder of the skeleton. A large enteledont skull collected in In- 

dian Creek (Entelodon Peak) in 1920 had the cervical vertebre in 

articulation, and a few other fragments of bones were found in the 

vicinity, but none of the large limb bones of the entelodont were 

visible. This would hardly have been the case if the head had not. 

been moved away from the carcass, as the limb bones of a large 

entelodont are massive and would almost certainly be preserved. 

44 Sinclair, op. cit., p. 462. 
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The above facts observed in the field can all be easily interpreted 

- by assuming a level plain subject to periodic flooding, but are very 

hard to explain if the deposition is held to be lacustrine. ~ 

(2) Lower Oreodon Banded Silts—Division (2) of the Oreodon 

beds includes a sequence of banded pink and green silts. In some 

sections, as in Battle Creek Draw, the green beds predominate and 

are locally quite sandy. In the section in Corral Draw greenish or 

grayish silts predominate, but there are several thin bands of reddish 

clay running through it. This division is not exposed at the Cedar 

Butte near the mouth of Cottonwood Creek (Section B), and its 

upper limit is not differentiated in the section northeast of Imlay, as 

the Upper Nodular layer which ordinarily bounds it above is absent 

there. Its thickness is 55 feet in Corral Draw and Indian Creek and 

58 feet at the Cedar Pass section near Interior. Plate V., Fig. 1, 

shows the development of this zone in Corral Draw, near Cottonwood 

Pass. Caliche nodules are absent from this division, though the 

greenish silt beds often weather in rounded forms, resembling the 

caliche nodules in size and shape. In Bear Creek basin, five miles 

south of Scenic, two or three beds of these greenish silt nodules occur 

just above the upper limit of the Lower zone of caliche nodules. 

Metamynodon Channel Sandstones——Here and there throughout 

the Big Badlands lens-shaped masses of sandstone and conglomerate, 

characterized by the presence of the large aquatic rhinoceros Meta- 

mynodon, cut the normal sequence of clays and caliche nodules in the 

Lower Oreodon beds ( Pl. V., Fig.2). These channels are sometimes 

represented only by small masses of fine-grained micaceous sandstone, 

as in the north branch of Indian Creek, adjacent to Hart Table, while 

in the upper part of Corral Draw, Cottonwood Creek, Indian Creek, 

and Quinn Draw these channels occur more frequently than elsewhere 

in the badlands and are represented by thicker and coarser sandstones. 

Here they commonly consist of alternations of coarse conglomeratic 

beds with finer micaceous sandstones, which can often be followed 

for a mile or more. As the sandstones are much harder rocks than 

the adjacent clays, their massive conglomeratic beds stand up from 

15 to 50 feet above the levels of the adjacent creek valleys: The 

columnar section A1, Fig. 5, shows the stratigraphic positions of some 

PROC. AMER. PHIL. SOC., VOL. LXII, 0, OCT. 18, 1923. 
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of these channels in the Lower Oreodon beds, and Fig. 1 shows the 

geographical distribution of some of the lenses of channel sandstone 

in the Corral Draw area. It will be observed that the channels are 

cut both in the Lower Nodular zone and in the clays above it, but 

more abundantly in the latter. If a channel sandstone dies out later- 

ally at a level at which caliche nodules are developed, these are locally 

absent for 100 to 200 feet on either side of the channel. However, 

in some cases a channel cuts a level of nodules formed at an earlier 

time than the channel. Then the nodules may be developed to the 

very edge of the channel, where they terminate abruptly against the 

sandstone. . 

The channels vary considerably in width. Channel No. 13 of 

Sec. Al, Fig. 5, is about 100 yards in average width and has cut down 

nearly into the Titanotherium beds, while Channel No. 11 is narrow 

and less than 50 feet in average width. These channels probably 

represent braided streams in which one main river was divided into 

several narrow channels by frequent islands. In one section in In- 

dian Creek and two in Corral Draw the channels have been observed 

to pass laterally into algal limestones or to rest on algal deposits. 

Sinclair *° has described this phenomenon in Indian Creek. The min- 

eral composition of the Metamynodon channels was discussed by the 

writer in the earlier paper, and no new data have been accumulated. 

Algal limestone deposits occur more frequently in Division (2) 

than elsewhere in the Oreodon beds with the exception of the discon- 

tinuous sheet at their basal contact. Section Al, Fig. 5, shows the 

vertical distribution of the algal beds in the Corral-Quinn-Battle 

Creek Draw area, and Fig. 7 shows the geographical locations of the 

ponds in which they were formed. In Plate II., Fig. 1, a portion of 

the edge of Cooney Table in Battle Creek Draw is seen with two 

limestone beds between the Upper nodular layer and the Lower zone 

of caliche nodules. They are 20 and 40 feet, respectively, below the 

Upper nodular layer. An algal pond deposit (No. 9 in Fig. 1 and 

Sec. Al) near the Corral-Indian Creek divide 1 mile northeast of 

Cottonwood Pass is just below the top of the Red layer. The lower 

limestone bed shown in the photograph is very local (not over 100 

45 Op. cit., pp. 460-461. 
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yards in diameter), but the upper limestone bed is persistent as a thin 

algal-ball level over several square miles on the southern side of 

Quinn Draw basin, where it usually forms a pronounced bench. The 
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Fic. 7. Sketch map of a portion of the basins of Battle Creek, Quinn, and 

Big Corral Draws, Indian Creek, and Cottonwood Creek, in the Big Badlands, 

showing the distribution of Metamynodon and Protoceras channel sandstones, 

and algal limestone pond deposits in the Lower Oreodon beds. Adapted from 

map of the Pine Ridge Indian Reservation (Dept. of the Interior, Office of 

Indian Affairs, 1914). Scale 1/42240. (3 miles =2”.) 

algal balls are flattened oval-shaped and about 6 inches in length and 

_ 2 to 4 inches in thickness. In these are found abundant fresh-water 

pond invertebrates, especially Planorbis and Cyprid crustaceans. 

They sometimes have hollow centers and generally a concentri¢ struc- 

ture. Sometimes the growth started around a clay pellet or mam- 

malian tooth or bone, or (as in the Titanotherium beds in the north 

branch of Indian Creek) around a Unio shell, and continued outward 

growth until the drying up of the pond. The algal-ball levels may 

represent shallow ponds or damp meadows of shorter duration than 
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those which have formed a solid sheet of limestone. The fauna seems 

to have been essentially the same. ; 

(3) The Upper Nodular Layer-—This is a single horizon of 

caliche nodules which is very widespread in the Big Badlands. It is 

developed from the vicinity of Arnold’s ranch (see map, Fig. 1) 

on the east, westward about 30 miles to the headwaters of Cedar 

Creek, the farthest point to the west reached by the Princeton expe- 

ditions. Where nodules are not present at this horizon it is usually 

represented by a band of pinkish clay. This is the case in the Entelo- 

don Peak section and adjacent portions of Indian Creek. It has not 

been recognized in the Bear Creek sections east of Scenic, nor at 

Interior, but is an excellent horizon marker throughout the Corral- 

Quinn-Cottonwood-Battle Creek Draw area. Plate IV., Fig. 1, il- 

lustrates a fine development of nodules at this horizon in Corral 

Draw basin about one mile southwest of Cottonwood Pass. These 

nodules contain quite abundant vertebrate remains, as do those of the 

Lower zone of caliche nodules. Osborn and Wortman,*® speaking of 

Oreodon bullatus, state: “ There is a single skull in our collection 

which was obtained from the second nodular layer, from 75 to 100 

feet above the ‘Red Layer’ of the ‘Oreodon bed.’” This is evi- 

dently a reference to the Upper Nodular layer as here defined. Inter- 

ruptions of the Upper Nodular layer by channels or algal limestones 

have not been observed, ‘and doubtless it represents a short recurrence 

of semi-arid climate similar to that prevailing during the deposition 

of the lower zone of caliche nodules. The average thickness of this 

layer is about one foot. Above it two feet of gray unconsolidated 

clay resembling the spongy Titanotherium clays usually are found, 

then the green sandy silts of division (4) of the Oreodon beds. 

(4) Middle Oreodon Green Sandstones.—This division is char- 

acterized throughout the Big Badlands by a green or gray-green color, 

and unusually sandy nature. It is at the base of the section at the 

Cedar Butte (Sec. B; Fig. 5) and there and in the valleys of Battle 

Creek Draw and Battle Creek Canyon to the west is a massive green 

sandstone. Plate I., Fig. 1, shows well the development ot this zone 

along the edge of Cooney Table in Battle Creek Draw. Its thickness 

46 Bull. Amer. Mus. Nat. Hist., 1894, Vol. VI., p. 218. 
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in Corral Draw is 55 feet (Sec. 42), while at Interior it is repre- 

sented by 24 feet of greenish silts (Sec. E). Although these form 

continuous beds of sandstone, they often weather into rounded forms 

resembling in shape and size the caliche nodules, hence Ward ** de- 

scribes this bed as the Upper Nodular sandstone, and the writer in 

the earlier paper ** referred to it as the Upper zone of nodules, more 

generally green than rusty. Fossils are rarely observed in this divi- 

sion, although turtles and fragmentary mammalian remains are occa- 

sionally found. 

(5) Upper Oreodon Red Clays—Above the zone of greenish 

sands and silts (4) there is almost always an abrupt change of phase 

to a red clay resembling in character that of the Lower Red layer 

where nodules are not developed in it. Microscopic examination 

shows that it differs from the Lower Oreodon clays in having a 

notably higher content of volcanic glass and pumice fragments. It 

is generally exposed in steep walls, as the Leptauchenia beds over- 

lying are usually more resistant to weathering than this division. 

Plate I., Fig. 1, shows clearly the change from divisions (4) to (5) _ 

in the Battle Creek Draw section, as well as the light-colored band 

which at present is used to define the contact between the Oreodon 

and Leptauchenia beds. This division of the Oreodon beds has a 

thickness of 62 feet at the Cedar Butte in Cottonwood Creek, 61 

feet at the head of Corral Draw, and 60 feet at the Cedar Pass 

section near Interior, another remarkable example of uniformity 

over wide areas. In the Entelodon Peak section the upper limit of 

this division is not defined, and the 95 feet at the top of the section 

probably include part of the lower division of the Leptauchenia beds. 

In the section at the head of Corral Draw the lowest Protoceras 

channels cut down into this division about 10 or 15 feet. 

The section of the Wall of the Badlands, northeast of Imlay, can 

not be clearly interpreted. The visit made here was brief and the 

only divisions clearly correlated with the other exposures of the 

Oreodon and Leptauchenia beds were the Lower Nodular layer and 

the White Ash (defined below). The beds between were all alterna- 

tions of pink and green silts, with one bed of massive sandstone 66 

47 Op. cit., pp. 27-28. 

48 Proc, or AMER. Puitos. Soc., Vol. LXI., 1922, p. 187. 



226 WANLESS—STRATIGRAPHY OF 

feet thick, at a position corresponding to the upper red clays of the 

Oreodon beds. The relations of this section to others of the White 

River formations could be worked out by more detailed study, but the 

section is presented here principally to show the persistence of the 

limestone at the base of the Oreodon beds, the Lower Red layer, and 

the White Ash. 

The Leptauchenia-Protoceras Beds——The Leptauchenia beds are 

less widely recognized in the Great Plains region than are the under- 

lying Oreodon beds. They are included with the Oreodon beds in 

the Brulé clays.of Darton.*® Matthew recognizes them in northeast- 

ern Colorado, and names them the lower “ Martin Canyon” beds.*° 

Osborn * gives the correlation and distinctive faunal characteristics 

of the deposits of this age and Matthew * has published a list of the 

known fauna from this zone. | 

The Leptauchenia beds in the Big Badlands may be clearly sep- 

arated into three divisions, but these divisions have not yet been 

recognized in the Interior section at Cedar Pass. It is very difficult 

to decide where the base of the Leptauchenia beds should be drawn, 

as there is no sudden change in the lithologic character of the sedi- 

ments such as that which initiates Oreodon beds deposition. As the 

Leptauchenia-Protoceras zone is a faunal division, the contact has 

been tentatively placed by the writer at the level along which the 

lowest channel with a Protoceras and Leptauchenia fauna dies out 

laterally. This is a light-weathering band which can easily be traced 

for many miles in the Big Badlands. This plane of division differs 

from that in the section published in the previous paper in that it 

transfers to the Lower Leptauchenia beds 50 feet of reddish clays 

there included in the Oreodon division. The channel which is situ- 

ated lowest stratigraphically had not been seen when the section pub- 

lished last year was measured, and there was then no reason for 

believing that the Protoceras-Leptauchenia fauna extended lower 

than the level of the lowest observed channel carrying this fauna. 

49U. S. G. S., Prof. Paper 32, pp. 170-175. 

50 Mem. Am. Mus. Nat. Hist., Vol. 1, Pt. 7, 1901, pp. 353-447. 
51U. S. G. S., Bull. 361, pp. 53-64. 
52 Thid., pp. 106-111. 
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The rélations-between these sections as now revised is shown dia- 

grammatically in Fig. 8. 

UPPER OREODOR= 8 

PIgK CLAYS == 8 

Fic. 8. Sketch ete ss the revision of the section of the Stee Oreodon 

beds and the stratigraphic position of the Leptauchenia-Oreodon contact at the 

head of Big Corral Draw, Big Badlands. Vertical scale 120’—=1”. 

Division (1)—\The lowest division of the Leptauchenia beds in 

the Big Badlands is a reddish or gray clay with a considerable amount 

of volcanic glass and pumice fragments. This does not differ notably 

in its type of weathering from the upper division of the Oreodon 

beds (5) as here defined. The plane of contact with the Oreodon 

clays, as mentioned above, is a light-weathering band which is clearly 

recognizable over a large portion of the Big Badlands, and is plainly 

visible in the accompanying photograph, Plate I., Fig. 1, a section of 

the edge of Cooney Table in Battle Creek Draw. The lowest Pro- 

toceras channel dies out laterally at this level and cuts 25 feet below 

it into the clays of the Upper Oreodon beds. The thickness of this 

lower division of the Leptauchenia beds is 45 feet in the Cedar Butte 

section and 55 feet in the Cooney Table section, Corral Draw. 

Division (2)—The middle division of the Leptauchenia is best 

exposed along the divide between Big Corral Draw and Cottonwood 

Creek in the Big Badlands and along the adjacent edge of Cooney 

Table. It is characterized by the development of levels of caliche 

nodules resembling in appearance those of the Lower Oreodon beds, 

but not containing mud pellets. Analysis of one of the caliche nodules 
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showed it to contain 38 per cent. of calcareous cementing material. 

The silt consisted mainly of quartz, volcanic glass, and biotite, the 

glass amounting to 50 per cent. or more of the total. The stream 

channels (Pl. VI., Figs. 1 and 2) carrying a Protoceras fauna are 

very abundant in this division of the Leptauchenia beds and are 

found at a variety of levels, often initiated by a coarse conglomeratic 

sandstone, followed by a fine-grained green micaceous sandstone, and 

capped by another ledge of coarse massive sandstone. The caliche 

nodules are developed most strongly in the vicinity of the stream 

channels and at a distance of three or four miles from the nearest 

Protoceras channel they are only occasionally seen. These nodules 

represent the recurrence of a period of greater aridity (but not desert 

conditions) when the lime was deposited by evaporation of ground 

water drawn to the surface by capillarity.. Their greater abundance 

in the immediate proximity of stream channels suggests that the 

ground was there more completely saturated with water than else- 

where. The waters: of the streams draining from the Black Hills 

should have a fairly high calcareous content, for they cross the out- 

crops of the thick Carboniferous limestone, which averages nearly 
500 feet in the southern Black Hills. The thickness of this middle 

division of the Leptauchenia beds is 65 feet in the Cedar Butte sec- 

tion. On the edge of Cooney Table where the section was measured 

the upper limit of these nodular ash beds was obscured by a Pro- 

toceras channel. 

The Protoceras channels are commonly developed through the 

Lower and Middle divisions of the Leptauchenia beds, and as stated 

above, at one point, cut down into the upper reddish clays of the 

Oreodon beds. They are principally developed in the valleys of © 

Corral and Cottonwood Creeks in the Big Badlands, and constitute a 

pronounced topographic feature at the head of the central and western 

branches of Corral Draw, about 2% to 3 miles southwest of Cotton- 

wood Pass. Here the channels cap the divide between White and 

Cheyenne River drainage for about half a mile, and by reason of 

their massive character remain supported on vertical pillars of clay, 

sometimes 200 feet or more above the adjacent draws. These chan- 

nels are distributed vertically through about 130 feet of beds and the 
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Fic. 1. Several levels of Protoceras channels, overlain by the nodule-bearing 

Leptauchenia ash beds, along the Corral Draw-Cottonwood Creek divide. 
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Fic. Z. Looking west along the Corral Draw-Cottonwood Creek divide, show- 

ing a probable meander in the course of a Protoceras channel. 
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Fic. 1. White Ash layer with underlying Leptauchenia beds of Division (3) 

on the top of the Cedar Butte, 12 miles south of Sheep Mountain. 
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Fic. 2. Looking southeastward from the top of Sheep Mountain toward 

Arnold’s ranch, showing, in the foreground, Division (3) of the Leptauchenia 

beds. 
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Fic. 1. Microphotograph of volcanic ash from the White Ash layer, Cedar 

Pass section, Interior, S. D., showing two large pumice grains (Al and A2) 

with capillary tubes. Most of the smaller grains are angular fragments of 

volcanic glass. 

Fic. 2. Two vertical pipe-like concretions from the White Ash layer, Sheep 

Mountain. A. Large concretion about 2 inches in diameter and 6 to 8 inches 

in length, filled with darker-colored material than that on the margin of the 

concretion, where there is a lighter border. B.A smaller concretion with a 

hollow central tube which is lined with minute crystals of zeolites, 
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stratigraphie~positions of several of the more pronounced massive 

lenses of sandstones is given in Columnar section Al, Fig. 5. The 

highest channel (No. 1) is situated on the edge of Cooney Table at 

the Quinn-Corral Draw divide. Plate VI., Fig. 1, is a photograph of 

a heavy channel sandstone 25 feet in thickness, which for a distance 

of nearly a quarter of a mile caps the Corral Draw-Cottonwood Creek 

divide. Several levels of caliche nodules of the middle division of 

the Leptauchenia beds are visible above the channels. On the map, 

Fig. 7, the distribution of Protoceras channel sandstone outcrops in 

Corral Draw and Cottonwood Creek is shown. The general direction 

of the Protoceras channels from the Corral-Cottonwood divide for 

three or four miles into Cottonwood Creek is about S. 60° E., which 

is also the direction of maximum initial dip in the sediments, and 

hence probably the direction of the original graded slope of White 

River time. Protoceras channels have also been observed at Interior 

and are described and figured by Ward.** 

One Protoceras channel sandstone from Cottonwood Creek, ana- 

lyzed mechanically, contained 17.5 per cent. of heavy minerals (gravity 

greater than 2.95), of which over 90 per cent. were garnets. Pebbles 

of mica schist and quartz schist, tourmaline and staurolite, also occur 

in this sample, and its grains are of various sizes, showing poor soft- 

ing. Frequently large fragments derived from the Leptauchenia ash 

beds are found in the channel sandstones and they may constitute a 

high percentage of the material locally. At one point in Cottonwood 

Creek a layer of brownish pebbles, which, upon analysis, were found 

to be caliche nodules from the middle division of the Leptauchenia 

beds, was found in the middle of a section of about 10 feet of fine- 

grained greenish micaceous sands. This shows that the caliche 

nodules had been formed and were subject to erosion at the time that 

this sandstone was deposited. The abundant deposition of this mate- 

rial derived from the adjacent flood plain was probably due to local 

cloudbursts of unusual severity. 

An interesting parallel to the White River sandstones is offered 

by those of the Siwaliks, of late Tertiary age, which were deposited 

by sediment-laden streams from the Himalayas when they spread out 

53 Op. cit., p. 30 (Bed F), and Plate XV. 
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on the Indo-Gangetic plain. McMahon ** notes that the “ Siwalik 

sandstones contain largely quartz, muscovite, garnet, schorl tourma- 

line, and some weathered feldspar . . . and some limestone pebbles.” 

He believes that most of the material is derived from the Dalhousie 

granite of early Tertiary age. The mineral aggregate described here 

is almost the same as that found in the sandstones of the White 

River, but volcanic glass does not seem to have been a factor in the 

Siwalik deposits. 

Division (3).—The upper division of the Leptauchenia beds is a 

massive, more thoroughly cemented sequence, which weathers with 

an irregular surface due to the presence of a succession of harder and 

softer beds. ‘The stratification is much more. apparent than in the 

clays below, with cross-bedding sometimes developed. No Protoceras 

channels have been observed cutting these beds. The cause of the 

marked stratification of this series is not apparent to the writer unless 

it represents rapid oscillations of climate. Exposures occur only on 

the edges of Sheep Mountain (Plate VII., Fig. 2) and in the Cedar 
Butte section (Plate VII., Fig. 1), where there is a thickness of 72 

feet. In Corral Draw it has been cut out by the alluvium on top of 

Cooney Table. It gives rise to the pronounced organ-pipe type of 

weathering which is so splendidly exhibited on Sheep Mountain, and 

is also exposed along the south side of White River below the White 

Ash layer (defined below), but this section has not been visited by 

the recent Princeton expeditions. Volcanic glass and pumice are very 

abundant in this division, probably averaging more than 50 per cent. 

of its clastic material. 

In comparing the sections in the Big Badlands with that at Inte- 

rior, Jackson County, about 60 miles to the northeast, it will be at 

once noticed that the whole thickness of the Leptauchenia beds has 

been greatly reduced. The total thickness of the Leptauchenia beds 

at Interior is 72 feet, where it is bounded at the base by the Upper 

Oreodon reddish clays, from which it is separated by a light-weather- 

ing band like that exposed in the Big Badlands at the contact, and, 

at the top, by the White Ash layer. The Interior section, as pre- 

viously published, included in the Upper Oreodon beds all of the 

54 Records of Geol. Survey of India, Vol. XVI., Pt. 4, 1893. 
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upper clays to the base of the White Ash layer. The presence of 

Leptauchenia 50 feet below the White Ash layer had not been ob- 

served at that time, nor had the persistence of the latter and its value 

for correlation been determined. The revised Cedar Pass section is 

shown in Fig. 6, E. 

It is remarkable that while the upper member of the Oreodon 

clays persists with practically no thinning from the Big Badlands to 

the Interior section, the Leptauchenia beds thin from about 170 feet 

at the Cedar Butte to 72 feet at Interior, the thickness of the upper 

member alone in the Big Badlands. It is interesting to note that 

. Ward *° divides the series from the top of the Oreodon beds to the 

White Ash layer into three divisions which he describes successively 

as (a) “a gray massive sandy shale with scattered poorly defined 

sandstone nodules, () a light gray, fine-textured sandstone notice- 

able for its pronounced bedding, and (c) a massive fine sandy shale 

resembling (a).” In view of the rapid thinning of the Leptauchenia 

beds away from their source of material it would be interesting to 

know whether all of its members persisted or whether one or more of 

them were missing. The lower member in the Big Badlands seems 

to resemble (a) of the Interior section and the upper member of the 

Big Badlands seems more like (b) of the Interior section, as a pro- 

nounced stratification is a characteristic of both. Ward does not 

mention the presence of Leptauchenia at Interior, but they were 

found quite abundantly on either side of the, road running through 

Cedar Pass about 200 yards north of the top of the pass on each of 

our three visits to this section. They seem to be most abundant in 

his division (b). Miohippus and Eporeodon major, both typical fos- 

sils of Leptauchenia age, were also found here. 

At one or two localities in Cottonwood Creek irregular thin beds 

of almost pure white ash were observed in the Leptauchenia clays. 

The thickness of these beds was not greater than one or two inches. 

These are probably remnants of light ash falls preserved locally under 

favorable conditions. 

The White Ash Layer—The White Ash layer is one of the most 

persistent and interesting elements in the White River area. It rests 

55 Op. cit., pp. 29-30. 
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upon the upper division of the Leptauchenia beds and is clearly recog- 

nizable at all points through the region where the higher beds are 

exposed, the best sections being on top of Sheep Mountain, the Cedar 

Butte near the mouth of Cottonwood Creek, the Cedar Pass section 

at Interior, and the western part of the Wall of the Badlands five 

miles northeast of Imlay. It has in all sections a thickness of from 

15 to 25 feet. Its base is clearly defined, but its upper margin is so 

nearly like the overlying grayish ash beds that it is hard to determine 

its upper limit close at hand. From a distance of a mile or so its 

lightness of color and greater resistance to weathering than the beds 

- above and below cause it to stand out prominently as a distinct unit. 

It is exposed on the south side of White River for several miles east 

of the mouth of Porcupine Creek along the badland edge of the high 

plain south of the river.. In nearly all the sections described by Dar- 

ton in the western part of Nebraska °® and in the Goshen Hole area 

of eastern Wyoming *’ there are either one or two ash beds in the 

upper part of the Brulé clays. These are spaced from 50 to 200 feet 

below what he terms the top of the Brulé clays. Matthew °* writes: 

““A bed of volcanic ash lies near the top of the formation” (Rose- 

bud) in the section of Porcupine Creek. It is possible that one of 

the two ash beds of western Nebraska corresponds to the latter and 

the other to the White Ash layer of the Big Badlands sections. The 

thicknesses of the ash layers mentioned by Darton vary from six to 

twelve feet. 

Matthew suggested the White Ash layer south of White River as 

the base of the Rosebud formation in his type section on Porcupine 

Creek. He places the Rosebud formation in the Lower Miocene, 

because °° “ Parahippus which shows a decided advance over Miohip- 

pus in feet, though near it in teeth, and evidently an invading type 

appears in the Rosebud.” This correlation is only tentative and may 

be changed by further field work. 3 

The following section and description ®° of the occurrence of Ter- 

56U. S. G. S., Prof. Paper No. 17, pp. 37-40; also plates and figures. 

57U. S. G. S., Geol. Atlas of the U. S., Hartville Folio (No. 91), Columnar 

Section Sheet, Sections 2 and 4. 

58 Bull. Am. Mus. Nat. Hist., Vol. 23, p. 173. 

59 Personal communication. 

60 Darton. U.S. G. S., Prof. Paper No. 51, pp. 67-70. 
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tiary ash in-the Big Horn Mountains east of Canyon Creek is valu- 

able, as it supports the theory that the White River ash was derived 

from regions to the west of the Black Hills: 

TN oe 02h <i iid a baw ERE AN Gb ie Fable Die trams ewe MDD Oars 6 feet 

Gravel of crystalline rock with lenses of volcanic ash near the base, 

and with occasional boulders up to two feet in diameter.......... 60 feet 

Volcanic ash, arkose, fragments of igneous rock, etc., indistinctly 

se cule eM h ak thnk eh autae aS bos kb LH Alb. 0 diclinid n é 73 feet 

Conglomerate cemented by lime carbonate, boulders up to 4 ft. in diam- 

mee mee generally well rounded... i eee dice ccescucces 22 feet 

The amount of volcanic ash in this section is large, and it appears.to have 

been laid down by water, although some of the finer portions may be wind 

blown. The nearest eruptions from which it could have been derived, so far 

as known, are in the great volcanic area west of the Bighorn Basin. As most 

of these eruptions occurred in Tertiary times and as volcanic ash is generally 

characteristic of the Tertiary beds in the Black Hills and farther east, the 

Bighorn deposits are provisionally referred to this age. . . . The conglomerate 

with lime matrix and volcanic ash appear at other outlying localities. ... 

Evidently the deposits originally extended over a broad area east of the moun- 

tains as shown by the widely scattered remnants . . . and since their deposition 

there has been extensive erosion to the present low level of the plains.” 

The very wide distribution of volcanic ash of Upper Oligocene 

and Lower Miocene age is apparent from the above data. The Big- 

horn section is not dated, but it may well be of White River age, as 

outliers of the White River are found in pockets in the pre-Cambrian 

rocks of the Black Hills and capping high divides on their flanks. 

The significance of this evidence as to the source of the volcanic ma- 

terial and the extent of eruptive vulcanism will be discussed in a 

later chapter. 

The presence in the White Ash layer of abundant vertical pipe- 

like concretions with tapering terminations, and small central hollow 

tubes averaging from 7g to % inch in diameter, offers an interesting 

problem. ‘The central tubes are lined with minute crystals of zeolites 

often of radiate structure. The varieties of zeolites have not been 

determined, but mordenite (index of refraction 1.465) seems to be 

one of them. The latter also occurs in needle-like crystalline devel- 

opment lining small cavities in the body of the ash. These concre- 

tions and zeolite-filled cavities are found only in the ash, most mark- 

edly in the White Ash layer at the base of the Rosebud, and also in 
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the ash beds immediately above and below. The average length of 

these concretions is from four to six inches. The average diameter 

is one to two inches. Their shape resembles that of a coprolite (PI. 

8, Fig.2). These concretions can be well observed in the Stony Pass 

section of Sheep Mountain. 

Walker * has described a structure in the Basalt flows of Nova 

Scotia which seems to present a fairly close parallel to these concre- 

tions. He states: “In certain parts of this section (south side of the 

Bay of Fundy) the writers observed a peculiar structure in the basalt 

which consists of a development of vertical pipes or cores. These 

are sometimes, coarsely amygdaloidal. At other times, where the 

basalt is fairly dense, cylindrical cores are developed which appear to 

be of the same rock type as the general mass in which they occur. 

At one locality (1% miles east of Morden) the reddish amygdaloid 

in the low cliffs along the shore is penetrated by vertical cylindrical 

_ structures from one to four and a half inches in diameter and at times 

two yards in length. The material of these cylinders is characterized - 

by the presence of white amygdules of zeolites from % to % inch in 

diameter which are more abundant near the margin of the cylinders 

than at the centre, while the main mass of the basalt is not marked 

by any prominent amygdaloidal structure. On a flat surface of basalt 

below high tide . . . the writers observed within a radius of four feet 

25 tubes, 18 of them from 1% to 134 inches in diameter.” He states 

that the mineral mordenite first discovered at Morden, N. S., oc- 

curred in the cylindrical concretions along with the other zeolites. 

The explanation which he believes most suitable is as follows: “ It 

is simpler to regard the tubes as caused by ascending currents of 

gases, probably water vapor rising from the wet floor beneath the 

igneous mass. This gas would make its way into the magma through 

cracks in the chilled floor of basalt and operate under considerable 

pressure in a continuous stream during the period of consolidation. 

The ascending gases, owing to the lessened pressure and consequent 

expansion, should have a cooling effect on the walls of the tube, and 

so cause this part of the mass to consolidate first and be finer in grain. 

. . . In some cross-sections . . . there is a well-marked concentric 

61“ Contribs. to Canadian Mineralogy,” 1922, Univ. of Toronto Studies, 

Geol. Series, No. 14, pp. 5-12. 
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arrangement surrounding the pipes, that nearest the pipes being finer 

in grain and less amydaloidal than elsewhere. The open tubes like 

those found at Ste. Croix cove might be due to gas pressure at the 

end driving out the last available magma and leaving openings for the 

deposition of quartz and zeolites.” °* 

The conditions of formation of the concretions in the White 

River formation in the Big Badlands must differ notably from those 

described above, as the volcanic material was there both solid and cool 

at the time of its deposition. The concretions in the White Ash layer 

do not resemble those from the basalt in appearance, but the similarity 

in the shape and size of the tubes and their spacing and the presence 

of zeolites, notably mordenite, in both indicates that their mode of 

formation may have been at least similar. Griggs °? has shown that 

solutions derived from volcanic ash may be strongly impregnated with 

acids even after the ash has been carried over a thousand miles in the 

air, so that brass fittings on automobiles in the Puget Sound region 

- were tarnished by acid from the ash of the Katmai eruption. There- 

fore the cylindrical pipes filled with these tubular concretions may 

have been formed by gas explosions or the upward escape of im- 

prisoned water, CO,, or even air, and the zeolites produced by crys- 

tallization of material derived from the ash. In one or two cases one 

concretion was observed to have slipped over another, with the pro- 

duction of a slicken-sided surface, which Lawler® attributes to 

vertical stress. 

The Rosebud Beds Above the White Ash Layer.—lIn the sections 

at Sheep Mountain and Cedar Pass, Interior, the beds above the 

White Ash layer closely resemble those immediately below it. They 

are gray or pinkish in color and consist largely of volcanic glass and 

pumice. The exposures of the Rosebud are in steeper slopes than 

those of the White Ash layer, as they are not so thoroughly consoli- 

dated into rock. At the top of the section at Sheep Mountain, the 

Rosebud beds are a little more sandy in character than immediately 

above the White Ash layer, and the same is noticeable at Interior. In 

the section northeast of Imlay, on the divide between Sage Creek and 

61a Thid. 

62“ The Valley of Ten Thousand Smokes,” Nat. Geog. Soc., 1922, pp. 25-29. 

68 Am, Jour. Sci., Vol. V., Feb., 1923, p. 172. 
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White River drainage (Fig. 6, D), a coarse stream channel sandstone 

with numerous large rounded pebbles of ash, evidently derived by the — 

stream from the erosion of its banks, occurs about ten feet above the 

White Ash layer, capping the section. At Interior, east of Cedar 

Pass, a heavy sandstone 140 feet above the White Ash layer caps the 

section. This is bed F of Ward’s section of the Protoceras beds.®* 

The similarity of these Rosebud ash beds to those of Leptauchenia 

age and the presence of channels in them resembling the Protoceras 

channels indicates that, though these beds may be classed as Miocene 

on faunal grounds, the depositional conditions were not greatly 

changed. Matthew ® gives a thickness for the Rosebud on Porcu- 

pine Creek of 500 feet and states that, although “the beds at the 
bottom approximate the rather hard clays of the Upper Leptauchenia 

beds, they become progressively softer and sandier toward the top 

and are capped at Porcupine Butte by a layer of hard quartzitic sand- 

stone.” The Lower Rosebud beds are the highest Tertiary forma- 

tions exposed in the area of the Big Badlands. The evidence on the 

post-Miocene history of the area is treated in a later chapter. 

III. PurystocgRAPHY AND CLIMATE OF WHITE RIVER TIME. 

The climate existing in the Great Plains region in Oligocene time 

is one of the most important of the environmental factors conditioning 

the life of the time. The best absolute measures of climate are sup- 

plied by fossil plants, as these, according to Knowlton, are the most 

sensitive indicators of changes of temperature or moisture. Unfor- 

tunately there is very little floral evidence to be derived from the 

White River beds (at least in their South Dakota exposure), but what 

little is to be found may be very instructive. In three seasons in the 

field only one petrified tree trunk (Celtis) has been found, in the 

basal Titanotherium beds in the west branch of Corral Draw, above 

referred to. However, through the clays of the Oreodon beds, wher- 

ever a careful search is made, a fair collection of fossilized seeds of 

Celtis (hackberry) may be found. They must occur through the 
clays in millions and Dr. Chaney * believes that their abundance may 

84 Op. cit., p. 30. 

65 Bull. Am. Mus. Nat. Hist., Vol. 32, p. 169. 

66 Personal communication. 
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“have an important bearing on the physical conditions under which 

the sediments were laid down. A living member of the genus, Celtis 

reticulata, which grows in the southwest, is common along dry or 

intermittent water courses in the Colorado desert. In one of my 

Great Basin floras, probably of Oligocene age, I am finding leaves of 

Celtis rather abundant. These are more closely related to Celtis 

reticulata than to any other living form. There seems to be little 

doubt as to the habitat significance of certain members of this genus.” 

An examination of the data on plant associations in Harshberger’s 

_“ Phytogeographic Survey of North America ” *’ shows that, although 

Celtis has a very wide range among deciduous forest associations, it is 

capable of persisting under conditions of poor sandy or gravel soil, or 

climatic extremes where many of its associates in the deciduous forest 

can not hold their own. Thus it is among the forests being destroyed 

by advancing sand dunes on the New Jersey coast; it grows on the 

sand dunes on the Barrier Islands of the Gulf Coast of Texas; in the 

sandhill country of western Nebraska it is common in narrow belts 

bordering the stream courses; it is characteristic of the foothill belt of 

the eastern Rocky Mountains; it is one of the trees derived from the 

east, extending farthest west into the Great Plains of the northern 

states, and is one of three eastern trees extending farthest into the 

Texas Plateau country. It grows along streams and flood plains in 

the Rio Grande and Chihuahua desert country, and in valleys along 

the eastern flank of the Sierra Madre. From the persistence of Celtis 

in the warm desert regions of Chihuahua and its endurance of the 

cold winters of the northern great plains it is evident that it offers no 

key to the temperature conditions of White River time. The fact 

that Celtis grows at present in many regions of slight rainfall shows 

that conditions of semi-aridity may have existed in White River time 

in the Great Plains region, where Celtis seems to have been one of 

the most important elements of the flora. Celtis probably grew along 

the courses of the streams of the Great Plains in Oligocene time, 

much as cottonwoods follow the modern badland draws. 

The evidences of climatic conditions from the sediment itself may 

now be considered. While the suggestion of a semi-arid climate has 

67 J. W. Harshberger, “ Phytogeographic sists of North America,” N. Y,, 

G. E. Stechert & Co., 1911. 

PROC. AMER, PHIL. SOC., VOL. LXII, P, OCT. 18, 1923. 
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been brought forward, it is not to be thought that the climate was 

uniform throughout the duration of White River time. There were 

times when extensive shallow lakes characterized the surface of the 

plain, supporting a rich invertebrate fauna. There were times of 

greater aridity when ground water was drawn to the surface and 
deposited its dissolved calcareous material there as a cement for the 

silts of the surface, and there were evidently times of still greater 

aridity when gypsum was deposited, as described by Ward °* and 

Fraas.*° Furthermore, in the beautifully exhibited color banding of 

the White River clays and silts there are evidences of minor rhythmi- 

cal fluctuations in climate. 

As the question of the part played by climate and climatic changes 

in the deposition of the White River sediments is intimately tied up 

with the physiographic conditions of the region at the time of depo- 

sition, it will be well to review here the views on the physiographic 
conditions during White River time expressed by several geologists 

who have studied the area. The following discussion shows the 

gradual change of geological opinion as to the origin of the Tertiaries 

of the Great Plains from the volcanoes and convulsions of Culbertson 

and the lakes of Dutton and Hayden to the prairie loess of Matthew, — 

the subaérial delta of Johnson, the lakes and flood plains of Fraas, 

the rivers and flood plains of Hatcher, and the rivers and shallow 

ephemeral lakes of Ward. 

Thaddeus Culbertson in 1850 visited the White River Badlands 
and made a small collection of fossils for the Smithsonian Institution 

in the valley of Bear Creek, about three miles northeast of the present 

town of Scenic. He was the first to describe these badlands, and 

though not a geologist, was greatly interested in the problem of how 

they were formed. In his diary 7 he writes: “In thinking of how 

these lands were formed, it occurred to me very forcibly that it was 

by some convulsion of nature by which the ground sunk—the hills 

were not elevated, but were left so by depression of the surrounding 

land. . . . A few miles from the creek we passed over some hills that 

68 Op. cit., p. 22. 

69 Science, N. S., Vol. XIV., No. 345, Aug. 9, 1901, pp. 210-212. 

705th Ann. Rept. of Board of Regents of Smithsonian Institution, 1851, 

pp. 92-93. 
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gave evidence of having experienced the most violent convulsions; 

these appeared to have been upheaved and to have experienced the 

action of fire; one place suggested the idea of a volcanic crater; it 

was a slight hollow and contained a number of small rocks different 

from any around it.” 

Dutton ** wrote: “I know of no more impressive and surprising 

fact in western geology than the well-attested observation that most 

of the High Plateau area has been covered by fresh-water lakes. . . . 

The marvel is not in the fact that here and there we find the vestiges 

of a great lake, but that we find these vestiges everywhere. The 

whole region, with the exception of the mountain platforms and pre- 

existing mainlands, has passed through this lacustrine stage. . . . We 

know that the Miocene climate of the west was moist and subtropical. 

This is indicated by the great extent.of fresh-water lakes in some 

portions of the west, their abundant vegetable remains, and the ex- 

uberance of land life.” 

Hayden (1867)*? wrote: “I would infer that this great fresh- 

water lake (White River) must have spread over 150,000 sq. miles. 

. . . With the commencement of the Tertiary was ushered in the 

dawn of the great lake period of the west. The evidence seems to 

point to the conclusion that from the dawn of the Tertiary period, 

even up to the commencement of the present, there was a continuous 

series of fresh-water lakes all over the continent west of the Missis- 

sippi River. . . . Every year, as the limits of my explorations are 

extended in any direction, I find evidences of what appear to be sep- 

arate lake basins, covering greater or less areas.” — 

Matthew ** was one of the first to abandon the lacustrine theory 

for the origin of the White River sediments. He believes that the 

larger part of the finer clays of the White River of Colorado are 

“ chiefly eolian deposits, similar in origin to the prairie loess... 

picked by the wind from exposed surfaces and deposited on the 

sodded, or partially sodded, prairie surface.” He believes that most 

of the sandstones, especially those of lenticular character, represent 

river deposits. He also expresses the opinion that the fauna lived in 

71U. S. G. S., Monograph II., p. 216. 

72 Geol. Surv. Terr., Ist Ann. Rept., p. 58; and 2d Ann. Rept. pp. 114-115. 

78 Am. Naturalist, Vol. 33, pp. 403-408, May, 1899. 
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an open grassy region, and is paralleled by the fauna of the dry high 

plateaus of Africa of today. 

Johnson ** (1900) rejects the lacustrine theory and describes the 

Tertiary of the Great Plains as a debris apron or subaérial delta de- 

posit made by distributary streams after emerging from the front of 

the Rocky Mountains in narrow canyons overloaded with sediment, 

on a gently inclined plane away from the mountains. This debris 

apron accumulated on a graded slope or gradation plane which had 

been eroded on the surface of the older Cretaceous deposits. He 

states (p. 622) : “ A series of streams from a mountain range, which 

in humid lands would persist upon independent courses and excavate 

valleys, may in arid lands unite by broad branching and interlacing 

flow and build up the original surface to a smooth and far extended 

apron of debris. This debris apron, having the profile of a graded 

stream bed along all lines in the direction of its slope, will be a grada- 

tion plane, sensitive as a whole to any disturbance by outside influ- 

ences, of the equilibrium between its opposite grading forces, just as 

the single profile is sensitive.” 

Professor Fraas,* of Stuttgart, after visiting the White River 

Badlands in 1900, expressed the following opinion of the physio- 

graphic conditions of White River time: “ At the beginning of the 

Oligocene a broad, slowly moving stream spread out toward the east 

and formed a broad, widespread and uniform delta landscape (Titano- 

therium beds). This even, swampy land was dry during the dry 

seasons, but was flooded in every high-water period ; besides the water 

the wind frequently took part in the transport of dust and materials. 

The concretions are structures of the percolating waters (Lower Ore- 

odon beds, numerous land mammals). Now followed a long period 

in which this region was flooded by a shallow rather than deep lake. 

The inflow of water did not exceed the evaporation and so through 

the varying concentration there was a precipitation of the dissolved 

materials which gave rise to the banded layers. In the same manner 

the gypsum and barite in these layers is explained. Stronger currents 

poured in sand, which accumulated in low elevations (Middle Ore- 

odon beds). At last there came a widespread eolian condition in the 

™4U.S.G.S., 21st Ann. Rept., Vol. 4, 1900, pp. 612-656. 

75 Op. cit. 
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form of loess, which spread out upon the gradually retreating or 

evaporated levels of the Lake (Leptauchenia beds).” 

Hatcher,"* who probably had a better acquaintance with the White 

River formations than any other geologist, through his many seasons 

of collecting in them, rejected the lacustrine theory and believed that 

“the sandstones, conglomerates, and a portion of the clays were de- 

posited in river channels, while the limestone lenses, so rich in the 

remains of aquatic plants and mollusks, originated in shallow ponds 

and lakes scattered over the higher table-lands and the broad flood 

plains of the rivers, where for the most part the finer clays were 

deposited by occasional inundations and through the agency of winds.” 

- He compares this with the confluent flood plains of the Upper Para- 

guay, Amazon, and Orinoco rivers, an area “ equal to or greater than 

that occupied by the Oligocene and Miocene deposits of our western 

plains, with all the physical conditions necessary for the deposition 

and present distribution of the sandstones, clays and conglomerates, 

together with the preservation of remains of the faunas characteristic 

of each.” 

Recently Ward 7 has revived the lacustrine theory in a modified 

form. He accepts the fluviatile origin of the stream channels, but 

says: “ The fact that the bulk of the Badland sediments are fine tex- 

tured and that there is no apparent coarsening of the texture except 

quite near the Black Hills indicates that weathering at the source 

must have been extensive and deep. At the same time the soils de- 

veloped by weathering were not thoroughly leached nor completely 

oxidized.” To explain the alternations of shales and sandstones 

(other than channels), he believes that “intermittent and recurrent 

uplift” is a more satisfactory explanation than climatic changes. In 

regard to flood-plain deposit he says: “ The clays, of course, required 

water for their deposition. While some of the smaller thin beds may 

have been deposited as flood deposits on a flood plain, most of them 

must have been laid down in lake waters. The chief reason for think- 

ing so is the marked continuity of the beds, their uniform character, 

and considerable thickness. . . . Clay deposits on ‘present-day flood 

plains, such as the broad Missouri . . . are commonly thin and do not 

76 Proc. AMER. Putt. Soc., Vol. XLI., April, 1902, pp. 113-131. 

77 Op. cit., pp. 36-40. 
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keep their continuity for more than a few hundred feet, and very 

rarely can a bed be traced a quarter of a mile. The shale beds of the 

Tertiary are continuous commonly for a quarter to three quarters of 

a mile and a few are a mile or more in extent, while all of the Titano- 

therium and at least one shale bed of the Oreodon are continuous 

over the whole area.” He believes that the climate “ must have been 

humid and temperate or cool and the relief moderate.” 

From the above quotations it will be clear that the interpretation 

of the climate and the climatic changes of White River time depends 

fundamentally on which of the many diverse views regarding the 

conditions of sedimentation is adopted. Also the climatic significance 

of alternate bands of greenish and pink or red silts and clays should 

be understood, and here again there is a diversity of opinion. Tom- 

linson *§ believes that the ferruginous material of red beds was trans- 

ported and deposited almost, if not quite, wholly as a mechanical 

sediment, both independently and as a coating upon grains of other 

materials, and that in many cases the green shales or sandstones alter- 

nating with the red are caused by the reduction of the ferric iron by 

organic material in the original sediment. Barrell has suggested that 

the green or gray strata in red beds are coarser than the red and 

their deoxidation may. be due to the fact that ’® “more abundant 

ground waters in the sands\may have kept out the air and permitted 

the organic matter to accomplish its effects.” In another place *° he 

states that “ where lightness in color is due to chemical causes it is 

to be noted that the first result of the action of fermenting organic 

matter upon ferruginous clays is a change of color from rusty ‘to 

bluish or greenish by the reduction of ferric to ferroso-ferric hydrate. 

Afterward, if the action be continued, the solution of ferrous car- 

bonate may be formed, and the greenish or bluish color may disap- 

pear. The importance of this reaction lies in the fact that the blue 

or green, wherever it occurs, indicates a lack of aération usually by 

the stagnation of water in consequence of imperfect drainage... . 

Where such colors are rather abundant, however, over broad areas of 

non-marine formations, a mean rather than an extreme climate is 

indicated.” 

78 Jour. of Geol., Vol. 24, 1916, pp. 153-179, 238-253. 

79 Amer. Jour. Sci., 4th Ser., XXXVI. (1913), p. 469. 
80 Jour. of Geol., Vol. 16, 1908, pp. 293-4. 
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In the White River formation the green silts and sands generally 

occur in lens-shaped bodies. The stream channels are generally 

greenish colored, and there are finer-grained outliers of the channels 

frequently showing abundant flakes of muscovite mica. Farther away 

from the channels are beds of fine green silt hardly distinguishable 

from the reddish clay in composition or texture. The green beds are 

rare away from channels through most of the series, but in the Middle 

Oreodon beds there is a very widespread development of greenish 

sands and silts (Division 4). Plate I., Fig. 1, shows this zone clearly 

as developed in Battle Creek Draw. This widespread green zone may 

represent a period of greater rainfall when a broad river flowed over 

the area where the heavier sandstones were developed and frequently 

flooded the plain away from its valley, perhaps leaving stagnant pools 

here and there on the surface of the plain between times of flooding. 

This would seem to be the condition most likely to prevent the iron 

in the clays and sands from being oxidized to a ferric condition. 

The green bands may be considered then to represent deposits made 

under a cover of water, as stream channels, or on a soil surface satu- 

rated with water, such as might occur immediately adjacent to stream 

channels. It may be noted here that the Titanotherium clays, though 

gray and spongy on the surface, are moist a foot or so below the 

surface and are uniformly colored pale green. 

In Ward’s recent paper, above cited, the opinion is expressed that 

flood-plain deposits would not be as extensive and uniform as those 

found in the White River. The uniformity and extent of deposition 

of certain layers is surprising, but the lithology, fossil content, and 

structures of the deposits seem to demand deposition on a surface 

generally exposed to the air and only occasionally flooded. Davis * 

describes a flood plain in Central Turkestan that is so similar in char- 

acter to that postulated for the White River area that a little of his 

description may be profitably quoted. “ The surface was absolutely 

plain to the eye except for the dunes and the dunes departed from 

the plain only as wind waves at sea depart from a calm surface. A\l- 

though apparently level, the plain has slope enough to give the Tejen, 

the Murg-ab and the Amu rapid currents, in which these rivers carry 

forward a great amount of mountain waste. ... The rivers have 

81 “ Explorations in Turkestan,” Carnegie Inst. Pub. 26, 1905, p. 54. 
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great variations in volume. . . . We were fortunate enough to see 

the Tejen and Murg-ab in flood. The former overflowed its channel 

and spread in a thin sheet for miles over the plain. The latter would 

have spread but for the restraint of dikes at Merv. Some of its 

waters had escaped farther upstream, and came to the railroad, wan- 

dering across the plain among the dunes, a curious combination of 

too much and too little water supply. The most notable feature of 

the region was the absence of valleys. The rivers had channels in 

which their waters are usually restrained, but there were no valleys 

in which the river floods were limited. The plains were open to 

overflow as far as flood supply held out.” The difference between 

the.flood plains of the western region of today such as those of the 

Missouri River, cited by Ward, and those which must have been the 

seat of deposition of the White River beds is that these modern rivers 

are entrenched below the level of the high plains, and it is therefore 

impossible for their flood waters to extend farther from the stream 

than the sides of the valleys. The present cycle in the plains region 

is primarily one of degradation and is characterized by local and tem- 

porary flood plains in contrast to the broad uniform plains of ag- 

gradation of middle Tertiary time. 

As the writer’s interpretation of the significance of red and green 

colors in the sediments and of the physiographic conditions of the 

area during deposition have been outlined, a brief sketch of the cli- 

matic and physiographic history of White River time may now be 

presented. 

After the Cretaceous period a long time of erosion with pene- 

planation ensued under mild or humid conditions, during which a 

residual soil mantle rich in ferric oxide was accumulated. This soil 

mantle reached a depth of 30 or 40 feet, the thickness of the “ Inte- 

rior’ formation. This is the initial graded slope of erosion upon 

which the plain of aggradation formed by the mantle of Oligocene 

and Miocene sediments is based. 

At the beginning of White River time greater aridity removing 

the vegetation or, more likely, primary movement of uplift in the 

Black Hills to the west, caused the entrenchment of streams in this 

old soil surface, with the result that, in places, the whole of the 



WHITE RIVER BEDS OF SOUTH DAKOTA. 245 

residual soil was-removed and dissection continued for a short dis- 

tance into the Pierre shale. The rejuvenated streams engaged in this 

dissection carried with them pebbles from the Black Hills which from 

their freshness indicate quite rapid transportation. Gradually the 

valleys were widened and soon a more gentle relief caused the streams 

to wander somewhat upon the surface of the valley floor depositing 

sands in their channels and steeply cross-bedded silts as lateral delta 

terraces on the sides of the valleys. Thus, with perhaps a slightly 

more arid climate the streams gradually aggraded the valleys which 

they had cut in the old residual soil surface until once again a plain 

existed. The iron from the old soil was contributed sufficiently to 

the silts of the valley to color these beds strongly, as mentioned above. 

When the streams of Titanotherium age had aggraded to the level of 

the old plain they were no longer bound in by valley walls and were 

free to wander at will across the plain. Thus when torrential down- 

pours in the Black Hills brought down sheets of water they were not 

limited by the sides of the valleys, but spread far and wide over the 

plain, each flood leaving an additional thin sheet of silt. A mild 

climate with sufficient rainfall existed and animal and plant life was 

probably abundant. Local lakes existed over the plain where slight 

depressions ponded the waters from the floods and held the local 

rainfall and in them flourished a rich algal growth with associated 

fresh-water invertebrates which formed the many local lenses of lime- 

stone now found through the Titanotherium beds. 

After a long period of time erosion again predominated over 

sedimentation, with conditions favorable for carrying the silts from 

the hills.to a greater distance before their deposition. Also with a 

more humid climate the Black Hills would be more completely cov- 

ered with vegetation and streams emerging from them would not be 

so overcharged with sediment as under the previous more arid con- 

ditions. We do not know the length of time represented by this 

erosion interval, but it was probably shorter than that represented by 

the deposition of the Titanotherium beds. At the close of this period 

of erosion all the depressions on the surface seem to have been the 

sites of local ponds in which fish, cyprids, fresh-water gastropods, 

and algz flourished. Some of these may not have been actual ponds, 

but rather damp marshy meadows. 
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With the close of this algal pond stage climatic conditions swept 
to an arid extreme which may have caused the disappearance of a 

large part of the cover of vegetation. In the opinion of the writer 

this climatic change may also have been responsible for the sudden 

disappearance of Titanotherium. In the sediments it is represented 

by the marked increase in the amount of calcareous cement. Again 

shallow streams meandered across the plain and spread broad sheets 

of silt many miles away from their channels. A large and varied 

fauna roamed over the grassy plains, and an aquatic fauna typified by 

the massive rhinoceros Metamynodon frequented the river channels. 

Several times after a period of flood the surface of the plain remained 

dry, perhaps for many years, and the surface silts were cemented to a 

hard caliche or nodular level by the deposition of the soluble content 

of the ground water when it was evaporated. As the ground water 

was drawn to the surface by capillarity a small film of water would 

remain around each fragment of sand or silt, and when this film was 

evaporated a thin coat of cement would be deposited on the surface of 

the grain. Gradually these films grew in thickness until they joined 

adjacent grains and eventually formed the whole into a solid mass. 

This condition was repeated several times during the deposition of 

the Red Layer. The fact that the caliche nodules are most strongly 

developed in the vicinity of stream channels, as mentioned above in 

connection with the Lower Red layer (Division 1 of the Oreodon 

beds), is probably due to the fact that the soil was more nearly or 

more frequently saturated with water here and consequently con- | 

tained a larger amount of carbonates in solution than did the clays 

away from the stream channels. 

After a long period of caliche development, there was a a chien 

to a.somewhat more humid climate and stream channels became more 

numerous, and again local ponds with fresh-water faunas were de- 

veloped over the surface of the plain. This zone is characterized by 

more frequent alternations of pink and green sediments. It was still, 

however, apparently more arid than Titanotherium time, as the sedi- 

ments contain a larger amount of calcareous cement than did those 

of the latter. This period was closed by a short recurrence of caliche- 

forming conditions representing only one period of semi-aridity, as 
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there is only a single level of nodules (the Upper Nodular layer). 

The Upper Nodular layer was followed by even more humid condi- 

tions than those preceding it, as the beds of division (4) are pre- 

dominantly green and coarser in grain. As stated above, this green 

coloring probably represents widespread flood-plain conditions and 

probably a wider main channel than that of earlier White River time. 

The flood plain of the upper Mississippi near Lacrosse, Wis., with 

extensive bottomlands on either side of the river covered with water 

the greater part of the time is perhaps a similar case, except that the 

Mississippi is deeply entrenched below the level of the plain, while 

the Oreodon beds stream flowed in a shallow channel on the surface 

of the plain. This condition persisted for a period about equivalent 

. to that between the lower and upper caliche levels and was followed 

by a recurrence of conditions of greater aridity, when red clays far 

predominate over green and channels are few and small. No caliche 

beds were observed here, partly because almost no channels are seen 

at this level. 

Gradually another factor was impressing itself on these previous 

rhythms of climate and deposition, namely, increasing contributions 

of volcanic dust from outside the drainage areas of the White River 

streams in this district. As the wind-transported ash was prob- 

ably distributed quite uniformly over the whole area, the Black Hills 

as well as the badlands, and as it would form a light unconsolidated 

deposit wherever it fell, the streams would naturally easily remove 

the ash from the surface, and from this time on it would be an im- 

portant element in the stream-transported sediments as well. Fur- 

thermore, the erosion and transportation of the normal clastic sedi- 

ment from the Black Hills might be to some extent reduced if the 

carrying capacity of the streams was filled by the easily eroded ash. 

At the beginning of Leptauchenia-Protoceras time there seems to 

have been a slight return to more humid conditions, as stream chan- 

nels became more abundant and extensive, but there soon ensued a 

period of caliche formation similar in character to that of the Lower 

Nodular layer and resulting, as did the latter, in a series of levels of 

nodules probably each representing old land surfaces. Also, as in 

the former case, the animals of the plain are abundantly preserved in 
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the caliche levels. The only difference between the Oreodon and 

Leptauchenia caliche nodules is that in the latter volcanic ash gen- 

erally forms 50 per cent. or more of the clastic material of the sedi- 
ments, and clay pellets are absent. 

The massive distinctly laminated beds of the Upper Leptauchenia 

series directly below the White Ash layer rather resemble in their 

finer lamination the massive green sandstones of the Middle Oreodon 

beds, and it may be that they represent a recurrence of extensive 

flood-plain conditions with broad rivers. In these beds, as in the 

caliche layers underlying them, the primary character of the physi- 

ography and normal sedimentation is masked by the fact that from 

50 to 75 per cent. of the clastic sediment is volcanic ash. The greater 

degree of cementation of these beds may be attributable with greater 

probability to solutions from the ash rather than to normal processes 

of evaporation, such as seem to control the cementation in the Titano- 

therium and Oreodon beds. 

Following the massive laminated beds above referred to occurred 

the great showers of ash which completely dominated the sediments 

giving layers of pure ash over most of western South Dakota and 

Nebraska and eastern Wyoming. Here the ash completely dominates 

the sedimentary structure so that no suggestions as to the climate may 

‘be offered. . 

Continuing into the Rosebud there appears to be a recurrence of 

conditions similar to those before the deposition of the White Ash 

layer, and, according to Dr. Matthew, through the Rosebud there is 

a rather progressive change to more sandy sediments and an apparent 

increase in the importance of zxolian action. The deposits of the 

Rosebud are too thin and too isolated in the Big Badlands north 

of White River to study the physiographic relations, but it can be 

stated that there still appear to have been river channels carrying 

coarse sediments from the Black Hills, and as far as can be seen in 

the Big Badlands area the lower part of the Rosebud sedimentation 

was as completely dominated by volcanic ash as was the sedimentation 

during Leptauchenia time. ' 

The upper Miocene and Pliocene history of the region is a blank 

as far as deposition is concerned, for whatever sediment. may have 
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been laid down-during that time was later removed by erosion 1n the 

peneplanation of the surface, resulting in the formation of the high 

plain of which Hart Table, Sheep Mountain Table, and other high 

table lands in the district are remnants. The evidences of late 

Pliocene and Pleistocene physiographic and climatic history will be 

discussed in a later section. 

Although the foregoing analysis of the climatic history is only 

tentative and may be changed materially by further investigation, it 

seems to show that there is, in the White River sedimentation, evi- 

dence of a very remarkable series of minor climatic cyclical or rhyth- 

mic changes, much like those which Huntington *? has discovered in the 

Pleistocene history of the enclosed basins of Central Asia and in the 

climates of southern and western Europe of the past 2,000 years as 

narrated in classical and medieval history. In the opinion of the 

writer, the fact that changes in character of the sediment such as 

caliche formation, alternations of green and pink silts, etc., are found 

to be uniform over such wide areas indicates, as Johnson ** has sug- 

gested, that “ this debris apron, having the profile of a graded stream 

bed along all lines in the direction of its slope . . . will be sensitive 

as a whole to any disturbance by outside influences.” If this is the 

case, and if the climatic interpretation of continental sediments such | 

as these can be standardized, the climatic history of the area may be 

deciphered with a preciseness heretofore unknown in the study of 

ancient climates. 

Evidences of Regional Uplift During White River Time—As the 

effect of strong uplift of the Black Hills might affect the sediments 

deposited on the plains to the east of the Hills in the same manner as 

would certain climatic changes, it is difficult to differentiate these two 

causes. If the Black Hills were suddenly raised much higher than 

they had been above the surrounding plains, the effect on the climate 

would be the production of greater rainfall in the Hills themselves, 

and of greater aridity on the plains to the east. In the opinion of the 

writer, marked uplift of the region of the Black Hills may have been 

82 “ Explorations in Turkestan,” Carnegie Inst. Pub. 26, 1905, pp. 182-216, 

227-232, 253-275, 302-315. Also the “Pulse of Asia,” “ Palestine and its 

Transformation,” and “ World Power and Evolution.” 

83 Op. cit., p. 622. 
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important in initiating the deposition of the sands and silts of Titano- 

therium age on the eroded peneplain of the Interior beds. 

In the Oreodon and Leptauchenia beds certain subdivisions de- 

fined above have been recognized almost everywhere through the area 

of the Big Badlands. As complete sections from the base of the 

Oreodon beds to the top of the Leptauchenia beds are available both 

in the Big Badlands (Corral Draw district) and at Interior, about 

50 miles to the east—+.e., farther away from the Black Hills, the 

source of the clastic sediment of the White River—an interesting 

comparison may be made of changes in thickness observed in the sub- 

divisions of the Oreodon and Leptauchenia beds. The accompanying 

diagram, Fig. 9, shows the generalized section of the Oreodon-Lep- 

tauchenia beds of the Big Badlands contrasted with that of the Cedar — 

Pass section northeast of Interior. As the three subdivisions of the 

Leptauchenia beds recognized in the Big Badlands have not been dis- 

tinguished at Interior, their respective changes in thickness can not 

be shown. It will. be observed that the Lower Red layer (1), the 

color-banded silts and clays overlying this layer (2), and the upper 

reddish clays of the Oreodon beds remains remarkably constant, show- 

ing a variation of three feet or less in these sections separated by 50 

miles. In contrast to these the Middle Oreodon sandstones or sandy 

silt beds (4) change from 50 feet in the Corral Draw sections to 24 

feet in thickness, maintaining the same character at both places, and 

the Leptauchenia beds change from 192 feet to 72 feet in the same 

distance. The White Ash layer shows minor variations in thickness 

from point to point, but as it is not considered a stream-transported 

sediment, these would have nothing to do with uplift of the Black 

Hills or with climatic change. The rapid thinning of the Middle 

Oreodon sandstone away from the source seems to indicate that 

the streams emerging from the Black Hills at this time were loaded 

with coarser sediment than they were, for instance, at the time 

of the deposition ef the Lower Red layer. With an increasing 

gradient or graded slope away from the hills this coarser sand would 

be deposited nearer the Hills than would the fine silt of the Lower 

Red layer. Greater erosion in the Black Hills due to greater pre- 

cipitation or sudden uplift, or a combination of these factors, may be 
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the cause of coarser sediment in the Middle Oreodon beds over such 

wide areas. The sharp delimitation of this sandstone series at the 

top and base by red clays and caliche beds suggests that the immediate 

cause of the change in thickness and character of the sediment here 

is climatically controlled, though regional uplift may have been taking 
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Fic. 9. Parallel sections of the Oreodon and Leptauchenia beds and the 

White Ash layer in the Big Badlands (A), and in the Wall of the Badlands, 

northeast of Interior (B), to show the persistence in thickness of some members 

of the series and the marked thinning of the Leptauchenia beds and Division 4 

of the Oreodon beds. Section A is generalized from the Cooney Table Section, 

Corral Draw, and the Cedar Butte Section, Cottonwood Creek, and Section B 

is detailed. Vertical scale 120’ 1”. 

place at the same time. The change in thickness of the Leptauchenia 

beds resulting in a thinning away from the Black Hills may have been 

caused by the streams near the Black Hills carrying a heavier load ot 
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sediment than they would normally, because of the great mass of 

easily removed volcanic ash on the surface everywhere. Here, again, 

the streams would be likely to deposit much of their load near the 

Black Hills. Thus it seems possible to present a reasonable explana- 

tion for each case where the deposition is observed to depart notably 

from its usual uniformity without demanding an “ intermittent and 

recurrent uplift” of the Black Hills, which Ward ® believes to be 

the best explanation of the alternation of sand and clay beds in the 

White River series. In the opinion of the writer, broad and long- 

continued uplift of the Black Hills took place during the Tertiary 

and in a general way may have exerted an influence upon the cycles 

of erosion and deposition during this time, but the sudden changes in 

the character of the sediment and the short erosional breaks, such as 

that at the close of Titanotherium time, can best be interpreted as the 

result of climatic change. 

IV. Vortcanic ASH IN THE OLIGOCENE FoRMATIONS OF THE 

CoRDILLERAN REGION. 

The presence of volcanic ash as an abundant or dominant con- 

stituent of the clastic sediments of the upper White River and Lower 

Rosebud has been referred to repeatedly. The wide geographical 

distribution of the White Ash layer has also been mentioned. The 

source of the volcanic material is a problem which is important in 

this connection. 

It is well known that very extensive vulcanism accompanied the 

Tertiary orogeny of the Rocky Mountains, and therefore it is not 

surprising that volcanic ash should be an important constituent of the 

sediments. Sinclair and Granger ** describe a level of white tuffs of 

rhyolitic composition in the Wind River formation along the Beaver 

Divide of the Wind River basin; a bed of tuff 25 to 75 feet thick in 

the Bridger in the same section. In the Oligocene (Titanotherium 

beds) which caps the section there is a dominance of volcanic mate- 

rial, and its structure shows that the source was near at hand. “ Ex- 

tensive volcanic eruptions broke out somewhere in the vicinity, and 

the first deposit laid down in these troughs was a fine-grained tuffa- 

85 Op. cit., p. 37. 

86 Bull. Am. Mus. Nat. Hist., Vol. XXX., pp. 83-117. 
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ceous shale....... Vulcanism soon became very violent, ejecting great 

blocks of hornblende andesite, which, with ash, pumice, lapilli, and 

pebbles and cobbles of pre-Tertiary rocks, were swept down the val- 

leys as mud-flows. The vents from which this material came have 

not been located. They continued in eruption during the whole of 

the Lower Oligocene, as here represented, showering the region with 

dust.” Above the agglomerate flow occurs a bed of coarse gravel, 

and resting unconformably on this are found 528 feet or more of fine 

buff-colored ash and dust. This ash is generally consolidated by cal- 

careous cement, and becomes increasingly calcareous toward the top 

of the section. Merriam * has shown that most of the clastic sedi- 

ment of the John Day is ash or volcanic agglomerates, and Darton ** 

has described numerous ash layers through the Brulé clays and Ari- 

karee sandstones of the Great Plains, while beds of volcanic ash of 

Pleistocene age are known as far east as Omaha, Nebraska. Mat- 

thew *° believes that volcanic ash is “almost the principal source of 

terrestrial sediments in the Tertiary formations of the west.” 

To return to a consideration of the source of the volcanic mate- 

rial of the Big Badlands, the first to be considered is the Black 

Hills. The majority of the clastic material of the White River in 

this area is derived from the Black Hills, and as it is known that 

laccolithic intrusion was occurring on a large scale in the northern 

Hills during the Tertiary, eruptive vulcanism is, also, possible. 

Darton *° has described “a sheet of obsidian and associated ag- 

glomerates which doubtless are the products of surface extrusion 

. . . 6 miles south by east of Deadwood in the midst of a large area 

of pre-Cambrian schists. . . . The obsidian is a sheet about 15 feet 

thick and of small extent. Its smooth lower surface lies on a one- 

foot layer of impure volcanic ash and is underlain by a thick mass of 

agglomerates or flow breccia of apparent rhyolitic fragments. This 

breccia is in masses surrounded by a deposit of finer grained ash 

which is nearly a square mile in extent. . . . The original vents are 

87 Bull. Dept. Geol., Univ. California, Vol. 2. 

88 U. S. G. S., Prof. Paper 17, pp. 25-43, and plates and figures. 

89 “ Problems of American Geology,” pp. 389-392, 1915. 

90 Science, N. S., Vol. XXXVI., No. 931, “ Volcanic Action in the Black 

Hills of South Dakota,” 1912. 

PROC, AMER, PHIL. SOC., VOL. LXII, Q, OCT. 18, 1923. 
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not preserved, but their stocks are represented by some of the dikes 

which occur at many places in the schists or overlying Paleozoic 

rocks.” He suggests that this may show the Black Hills to be the 

source of part, if not all, of the ash of the Oligocene and Miocene 

deposits of South Dakota and Nebraska. 

A more prolific source of volcanic material, though much more 

distant, is the volcanic basin of the Yellowstone National Park. 

Lindgren * says of this: “ A great center of Miocene (Miocene and 

Oligocene) activity is in the Yellowstone Park region. Here the 

eruptions had already begun during the Eocene, but they continued 

in enormous volume during the Miocene and Pliocene. The early 

Miocene succession shows andesitic breccias followed by some rhyo- 

lite and basalt succeeded by heavy beds of andesitic breccia.” In the | 

Yellowstone Park at Specimen Ridge there are in one section from 

12 to 15 successive forests buried by showers of volcanic ejecta, one 

above the other. This gives some measure of the duration of vol- 

canic action in that region. 

Griggs ®* has recently published some valuable data on the erup- 

tion of Mt. Katmai on the Alaskan peninsula. He presents a contour 

map of the thickness distribution of the ash from the data available, 

which gives us a good basis for the estimation of the size of an erup- 

tion, or eruptions, necessary to supply the ash for the upper White 

River and Lower Rosebud ash layers. The map shows a maximum 

deposition of 50 feet of ash within a mile or two of the volcano, 

thinning to 10 feet about 10 miles from the volcano, and 1 foot at a 

distance of 100 miles. Ata distance of 300 miles (about that of the 

Big Badlands) from the Yellowstone Park volcanic basin the maxi- 

mum thickness of ashfall is less than 0.1 foot. The influence of the 

prevailing westerly winds on the transportation of the ash is shown 

by the fact that the contour of one foot of ashfall approaches to 

within 15 miles of the volcano on its western side, while it extends 

100 miles from the center to the east. The amount of material 

erupted is estimated at 4.75 cubic miles and it is believed to be the 

largest eruption recorded in human history. 

When this is compared with the ashfall of the late Oligocene, the 

91“ Problems of American Geology,” p. 270. 
92“ The Valley of Ten Thousand Smokes,” Nat. Geog. Soc., 1922, map 

opposite page 1. 
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tremendous volume of the eruptions which supplied the latter may 

be realized. Let us first consider the White Ash layer, which from 

its uniformity in thickness and character seems to represent practi- 

cally a pure ashfall over a very wide area, apparently very little re- 

worked by water or mixed with other clastic sediment. This has an 

average thickness in the Big Badland region of 14 to 20 feet. Darton 

reports 12 feet at Adelia, Nebraska, and 8 feet in the vicinity of 

Scott’s Bluff, Nebraska, and 6 feet in the Goshen Hole region of 

eastern Wyoming. With this may be combined a thickness of 75 

feet, mostly of volcanic ash, in a Tertiary outlier in the Bighorn 

Mountains. The upper part of the 528 feet of Oligocene ash in the 

Beaver divide section of the Wind River basin described by Sinclair 

and Granger ®** seems to be poorly dated by fossils, and part of it, 

for aught anyone knows to the contrary, may be of Leptauchenia beds 

age. A very conservative estimate based on the available data is that 

the ashfall had an average thickness of at least 10 feet over an area 

of about 60,000 square miles. This is equivalent to over 100 cubic 

miles of volcanic material, about 20 times the amount from the Kat- 

mai eruption. Consideration of the volcanic material mixed with 

clastic sediment in the other beds of the later White River and early 

Rosebud would probably raise the volume of the ash considerably. 

Even supposing that this material came from the Black Hills, we 

find 8 or 10 feet of ash deposited at Scott’s Bluff, Nebraska, 200 

miles straight south of the possible volcanic vents of the Hills. The 

products of volcanic action in the Black Hills do not seem of suffi- 

cient magnitude to account for more than a limited amount of this 

volcanic material. Because of the known long duration of volcanic 

action in Yellowstone Park and the great deposits of Tertiary ash in 

Wyoming, we may say that, though there is no direct evidence that 

the White River ash came from this area, it seems to be the most 

likely adequate source of the volcanic material. 

VY. CHALCEDONY VEINS AND SANDSTONE DIKES. CEMENTATION 

AND SILICIFICATION OF THE SEDIMENTS. 

Through the clays and sandstones of the White River formation 

occur numerous vertical or but slightly inclined fissures filled with 

93 Op. cit., p. 101. 
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clay, sand, or volcanic ash, or with thin veins of blue chalcedony. 

These are not uniformly distributed, some beds having these veins 

and dikes abundantly developed and others showing almost none, 

while at the same horizon they may be more abundantly developed in 

certain districts than in others. The chalcedony veins seem to be 

more localized than the sandstone or clay dikes. 

Hatcher °* and Lawler * have discussed the phenomena exhibited 

by these dikes and veins and agree in believing that the cracks were 

formed rather by a desiccation of the sediments of the White River 

after consolidation than by any general movement of the area, or by 

volcanic action.*® As a rule there is no evidence of displacement 

along these cracks, but Lawler points out one example where a 

stratum of sandstone was offset about one foot on opposite sides of 

a massive chalcedony vein, with the surface of the latter slicken- 

sided. Similar slickensiding, without evidence of displacement on 

either side of a vein, is common, the chalcedony having duplicated the 

slickensiding of the clay wall, or perhaps taken a fibrous structure as 

the result of slight movement of the walls during the growth of the 

vein, which may have been due to a wedging apart or reopening of 

the veins by the deposition of the chalcedony. ue 

It has been generally supposed that the filling of the dikes was 

from below, as many early investigators believed,®* but the reverse 

was clearly demonstrated by the finding of a dike 15 inches in thick- 

ness in the Lower and Middle portions of the Oreodon beds filled 

with pure white ash unmistakably derived from the ash layer nearly 

200 feet higher in the series (Pl. IX., Fig. 2). This means that the 

fissures were cracks open to the surface analogous on a very large 

scale to mud cracks, formed by the desiccation of a large amount of 

moist clay and silt, or by the squeezing out of part of the water from 

these clays by settling. Probably in some cases material was washed 

away from the side walls of the cracks, as well as washed in from the 

°4 Am, Naturalist, 1893, Vol. 27, pp. 208-210. 
% Am. Jour. Sci., Vol. V., Feb., 1923, pp. 160-172. 

%6 Diller, J. S., in Bull. Geol. Soc. Amer., Vol. 1, p. 411. 

87 EK. C. Case, “ Mud and Sand Dikes of White River Oligocene,” Am. Geol., 

Vol. 15, 1895, and Robert Hay, “Sandstone Dikes in N.W. Nebraska,” Bull. 

Geol. Soc. Amer., Vol. 30, 1892, p. 50. 
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surface; indicated by the fact that many dikes show a vertical change 

in the character of their infilling. Usually the material forming the 

dikes is a fine silt or sand frequently with a large proportion of mus- 

covite foils, but in a few places coarse stream-worn gravels were 

found. In one dike in Corral Draw in the Titanotherium beds peb- 

bles rounded by running water and with a diameter of four or five 

inches were found. These must have been derived from an over- 

lying stream channel of Metamynodon age of which there is now no 

visible trace. An attempt was made by Mr. Lawler to detect any 

definite directions or systems of directions which the dikes and veins 

followed, but there seems to be no marked parallelism between them. 

Some dikes can be followed in a straight line for a distance of from 

a quarter to half a mile and thus have quite a dominant influence upon 

the topography of the region. In the basin of Battle Creek Draw 

the dikes are abundant in the sandstones of the Middle Oreodon beds, 

and single dikes are there more continuous than at any other point 

where they were observed. In this basin there are also numerous 

faces of clay and sandstone which rise almost vertically from the 

valley floor. These ridges are frequently 40 or 50 feet high and only 

about 5 feet in thickness. The only explanation which the writer can 

offer for these comb ridges is that they owe their resistance to cemen- 

tation by ground water along joint planes and systems. Plate IX., 

Fig. 1, shows one of these steep ridges of clay with practically vertical 

walls on both sides, which is cut diagonally by a conspicuous dike 

about 8 inches in thickness. The latter can be observed in a straight 

line for several hundred yards. 

As Lawler points out, the genetic connection between dikes and 

chalcedony veins is clear in that sandstone dikes are often bordered 

on one or both sides by chalcedony veins. In one place a dike filled 

with rather coarse sandstone is bounded by greenish slickensided 

calcite. 

An investigation of the lithology ot the dike fillings leads to inter- 

esting conclusions. The dike fillings from the Upper Oreodon and 

Lower Leptauchenia beds generally show a fairly high ash content. 

The dikes are often quite thoroughly cemented and in one case the 

dike filling was such a tough rock that it was difficult to break it with 
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a hammer. It had the appearance of a quartzite or a fine-grained 

volcanic rock. The cementing material of the dikes is found to differ 

from that of the clays and sandstones of the Oreodon beds in that 

there is a very small amount of carbonates, averaging from one to 

eight per cent. The fillings seem to be mostly cemented by silica. 

In some samples this is in the form of blue chalcedony, while in one 

or two samples most of the matrix of the sand grains was found to 

be opaline silica, isotropic under crossed nicols (refractive index about 

1.440), and showing a globular or spheroidal structure. 

In the preparation of some fossil skulls the clay adjacent to the 

skulls was found to be cemented with silica into small irregular 

nodular masses. Graham has shown that the presence of phosphates 

may cause a silicic acid soil to set to a translucent jelly. Thus the 

phosphate from the fossil bones is probably. responsible for the abun- 

dance of these small cherty concretions in their vicinity. The filling 

of pulp canals of fossil teeth and the marrow cavities of fossil bones 

with chalcedony, described in an earlier paper, may be caused in the 

same manner. 

The cementation of the dikes with silica, the formation of chal- 

cedony veins, the replacement of gypsum and barite concretions, the 

filling of marrow cavities and pulp canals of fossil bones and teeth 

with chalcedony, and finally the silicification of the fresh-water lime- 

stones, which are often almost completely replaced, points to an epoch 

when the ground water was charged with a high amount of dissolved 

silica. 

The period of great ash deposition at the close of the White River 

and the beginning of the Rosebud seems the most likely time for 

this. As mentioned above, the ash when deposited was probably 

strongly charged with acids and water falling on it may have leached 

much of its alkali content, so that in circulating through the clays 

below these waters would be strongly alkaline. These waters would 

be capable of dissolving much silica from the clays and silts and then 

depositing it after a period of greater aridity. As the many fissures 

represented the lines of easiest movement for the ground water, they | 

show the greatest effects of this silica deposition and the gypsum and 

algal limestone were also more easily replaced by the silica than the 
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rest of the-series. It has been observed that in sections where 

chalcedony veins are abundant the limestone sheet at the base of the 

Oreodon beds is generally silicified, while in sections away from the 

chalcedony veins the limestones are largely unreplaced. 

It is the opinion of the writer that the distribution of chalcedony 

veins, the silicification of limestone beds, and the development of 

caliche layers are all connected with the courses of the rivers of 

White River time, and this seems to be borne out by the following 

instances: In Corral Draw, where stream channels are abundantly 

developed with Protoceras, Metamynodon, and Titanotherium faunas, 

there is a strong development of caliche nodules in the Lower Oreodon 

beds and in the Leptauchenia beds adjacent to the Protoceras channels. 

The limestone bed at the base of the Oreodon beds is largely replaced 

by silica and chalcedony veins and sandstone dikes are abundant, 

especially in the Protoceras channels and the adjacent Leptauchenia 

beds. This is the only locality at which chalcedony veins were found 

in the Leptauchenia beds. On the contrary, in the Wall of the Bad- 

lands about six miles northeast of Imlay, in the Oreodon and Lep- 

tauchenia beds section, no stream channels are present in the Lower 

Oreodon beds; the Lower Red layer is represented by red clay with- 

out a development of caliche nodules; the limestone at the base, 

though present, is not silicified; there are no chalcedony veins and 

only one dike was observed, which was filled with white ash, shown 

in Plate IX., Fig. 2. The cause of this relationship may be the fact 

that only in the vicinity of the White River streams was the ground 

sufficiently saturated with water. In the wide interstream areas the 

sediment would be deposited by occasional flood waters, which would 

quickly drain back toward the river courses with the end of flood 
conditions. The silt. would be finer in character and with desiccation 

the deposition of calcareous cement would be insufficient to produce 

a caliche layer, and with the consolidation of the sediments the con- 

traction in volume would be less because there is less water to be 

squeezed out or evaporated, hence fissures of desiccation or settling 

would be smaller and less frequent than in the areas adjacent to river 

courses where there is more water in the ground to be squeezed out 

or evaporated. The formation of fissures probably took place at 
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various times during and since the White River, as the nature of the 

dike filling in many cases suggests what bed formed the surface at 

the time of fissure filling. The highest beds exposed in the area, the 

Lower Rosebud on Sheep Mountain and at the Cedar Pass section of 

the Wall of the Badlands near Interior, are cut by dikes filled with 

ash, sand, and clay, showing that fissure formation continued beyond 

the close of White River time. The chalcedony veins may have been 

formed during the period when wind-blown ash was the most impor- - 

tant clastic constituent of the sediments—i.e., in later White River 

and earlier Rosebud time. Therefore, though the ash was probably 

deposited uniformly over the surface of the plain, the silica charged 

waters from it were only able to move freely through the sediments 

where the fissures were most frequent, which was in the vicinity of 

the old river channels. | 

The streams of White River time seem to have confined their 

valleys to fairly limited belts, though their actual courses may have 

shifted two or three miles during the whole of the White River 

period. The abundant development of channels in the Corral-Quinn- 

Cottonwood Creek area through all the divisions of the White River 

and the absence of channels in all divisions in some sections, such as 

Lower Bear Creek and the Wall of the Badlands northeast of Imlay, 

seem to indicate this. 

VI. Post-OLicgocENE History oF THE REGION. 

Although this subject lies outside the scope of the present paper, 

it may be briefly discussed. There are many facts observed in the 

field which indicate changes of climate and physiography since the 

deposition of the Rosebud. The stages of erosion, deposition, and 

climatic change here observed may to some extent be an index of 

stages throughout the Great Plains province. It is with the hope that 

this limited amount of evidence may be of value in tracing the full 

Pliocene-Pleistocene history of the Great Plains that this chapter is 

written. 

Miocene Deposition—As stated above, Miocene deposition in. 

this area is initiated by the White Ash layer at the base of the Rose- 

bud formation, which is preserved only in a few isolated high points 
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in the area of the Big Badlands, but is continuously exposed south of 

White River, and according to Matthew * reaches a thickness of 500 

feet on Porcupine Creek. Middle and Upper Miocene beds are found 

60 or 70 miles to the southward in western Nebraska, and may once 

have extended northward over the South Dakota Big Badlands, al- 

though now nowhere preserved there. The fact that isolated buttes 

in northern South Dakota (Cave Hills, Short Pine Hills, etc.) are 

_ capped by Miocene deposits above the White River beds suggests that 

| deposition continued in the belt to the east and northeast of the Black 

Hills well into the Miocene. 

Formation of the High Plain—A period of erosion and pene- 

planation followed the close of Miocene or Pliocene deposition in 

which beds of the same age were more eroded to the north than to 

the south. This is shown by the fact that the present table tops 

(remnants of this high plain) cut across the slightly tilted edges of 

the Oligocene beds, so that they are capped by the Pierre shale in the 

region northeast of Scenic, as near the mouth of Sage Creek, the 

Titanotherium and Oreodon beds farther south (71 Table, Hart 

Table, etc.), and by the Leptauchenia and Rosebud beds still farther 

south (Sheep Mountain, Cooney Table, and the high plain south of 

White River. This may have been due to a relative depression of the 

southern portion of the area or relative uplift of the northern portion. 

After a long period of erosion, during which over 400 feet of sedi- 

ment were removed from the northern portion of the area, there fol- 

lowed a short period of sedimentation partly of flood-plain character 

which supplied the 8 or 10 feet of alluvial material which cap the 

table lands of the region, and rest unconformably on the older White 

River clays, whose uptilted edges it truncates. Part of this alluvium 

may have been deposited by eolian action as a prairie loess. The 

surface of the plain at this time can be pictured by viewing the 

slightly rolling grass-covered prairie on any of the high table lands 

above Scenic. For instance, from Cooney Table, which divides 

White River and Cheyenne River drainage westward from Corral 

Draw for 15 or 20 miles, it is apparent that Sheep Mountain Table, 

Hart Table to the north, and the high prairie south of White River, 

_ 99 Bull. Am. Mus. Nat. Hist., Vol. 23, p. 169, 1907. 

100 Todd, Bull. No. 4, S. D. Geol. Survey, 1898, pp. 43-68. 
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and other distant table lands in all directions, are all parts of an old 

gently rolling plain. On the sketch map, Fig. 1, the distribution of 

the remnants of this old plain are indicated by diagonal shading. 

Data are not yet available for the certain dating of this plain. 

Dissection of the High Plain and Gravel Deposition—After the 

deposition of the surface alluvium a period of rapid erosion ensued. 

This must have resulted in the entrenchment of the rivers in narrow 

valleys or canyons. At this period the rivers possessed great power 

both of erosion and transportation, as they moved pebbles and small 

boulders from the pre-Cambrian core of the Black Hills fifty to eighty 

miles out on the plains, where they are found in. the White River 

valley as far down as Interior. Many of these pebbles have diameters 

of 8 inches to a foot, and all are stream worn and frequently chatter- 

marked. They are quite locally distributed on the surface of the 

badland clays, in some localities being so abundant as to form a layer 

one or two pebbles deep on the surface, while elsewhere not more 

than 100 yards removed they may be entirely absent. The general 

trend of these gravel channels is toward the east or southeast, and 

their materials are very varied. Colorless quartz, rose quartz, feld- 

spar, pegmatites showing muscovite and tourmaline, mica schists and 

quartz schists, Cambrian quartzites with Scolithus borings, Missis- 

sippian gray limestones (Pahasapa) with fossils resembling Strapa- 

rollus utahensis, Orthotetes inflatus, Camarotechia sp., and Meno- 

phyllum excavatum,' and purplish limestones without fossils re- 

sembling in appearance the Permian Minnekahta, and softer sand- 

stones, probably of the Cretaceous Dakota-Lakota series are included. 

Many of the pebbles show a high polish resembling the so-called 

desert varnish. Ward *° describes these surface gravels in the Inte- 

rior section and believes them derived from Protoceras channels of 

which no other traces now remain. The possibility that these gravels 

were derived from some of the conglomerates of White River age 

has been considered by the writer, but not favorably, for pebbles four 

or five times the size of those generally observed in channels of White 

River age predominate in these gravels, which are regarded as more 

101U, S. G. S., Monograph XXXII., “Geol. of Yellowstone Nat. Park,” 

Part II., Plates : 

102 Op. cit., pp. 31-33. 
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recent than the formation of the High Plain and earlier than the 

Cheyenne River (South Fork) because the latter at present takes all 

of the sediment from the Black Hills toward the northeast, while these 

old gravel channels are found far down in the valley of White River. 

Those found along White River can not be terrace gravels of the 

modern stream because their pebbles are all derived from the Black 

Hills, and the present White River does not drain any part of the 

Black Hills. It would be of interest to know whether or not these 

gravel beds also crossed White River, but as no work has been done 

by the recent Princeton expeditions south of White River, the writer 

can present no evidence on this point. 

After the initial stage of river dissection, the materials carried 

were probably of finer grain and no trace of these later deposits has 

been observed. There is evidence of terrace formation in isolated 

flat-topped buttes, such as those along the divide between Indian 

Creek and Little Corral Draw, which are from 100 to 200 feet lower 

than the level of the earlier high plain. There must have been a 

great deal of erosion at this time, and the rivers may have reached a 

stage of early maturity, when downward progress was interrupted by 

amore arid cycle. This aridity is indicated by sand dunes mantling 

an irregular erosion surface of the Oreodon beds at many points. 

Sand-dune deposits are found on the two isolated flat-topped buttes 

near the head of Indian Creek mentioned above, and in the line of 

hills extending east and southeast from Sheep Mountain, and south 

of Arnold’s ranch, where the belt of sand hills is about a mile wide 

and six or seven miles long. 

The coarse gravels which have just been discussed are Meet in 

the upper part of the valley of Quinn Draw and about 15 or 20 miles 

to the northward in the valleys of Indian Creek and Bear Creek, 

west and north of Scenic. The Bear Creek gravel stream extends 

through a low gap into the basin of Cain Creek (a tributary of White 

River) about four miles northeast of Scenic, near the locality where 

Thaddeus Culbertson made the first collection of fossils from the 

White River Badlands (F on the index map). The general line of 

sand-hill ridges is roughly parallel to the two stream courses indi- 

cated by these gravel beds (east-southeast) and lies about halt way 
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between them, representing wind-drifted material along the divide be- 

tween these two streams. 

The Capture of the Black Hills Drainage by the Cheyenne River 

and the Recent Erosional Stage—The next stage of the history 

of the region was the formation of the modern Cheyenne River, or 

South Fork of the Cheyenne. This beheaded all the old streams 

flowing eastward from the Black Hills to the White and Bad Rivers, 

including those in which the above-mentioned gravels were laid down, 

and since then the region east of the Cheyenne River has been mainly 

subject to erosion. The tributaries from the White River and the 

Cheyenne have dissected the old high plain so completely that it is 

now preserved only as the various tables and isolated buttes. This 

erosion has not been uniform, but has been accelerated and retarded 

by climatic oscillations toward more arid or more humid extremes. 

When the rainfall is greater than the average, grass and the prairie 

vegetation begins to work up over the steeper slopes and erosion is 

greatly retarded, the streams silt up their channels, and flow almost on 

the valley floor. Then a few years of diminished rainfall kill off the 
vegetation, the rain in torrential downpours removes the soil, and 

active dissection again predominates. The streams cut deep, narrow 

channels with vertical banks in their valley floors, and the older valley 

bottom is left as a terrace along the side. In the modern bad- 

land draws several successive terraces are often visible. In the 

valley of Bear Creek three terraces were observed along the mod- 

ern stream. Each one was about 6 or 8 feet in height. These are 

only minor fluctuations or rhythms of the climate, and may represent 

periods of only a few years or centuries. There is at least one major 

break in the erosional history of the Cheyenne River when broad 

basins seem to have been developed in all of the creek valleys with 

nearly level floors. The level of this plain is about the top of 

the Titanotherium beds or the base of the Oreodon beds. Scenic 

Basin is an example of this type which is still mostly uneroded, 

though Spring Creek and Bear Creek have begun its dissection. The. 

valley of Indian Creek shows clear evidence of the same plain, in the 

uniform level of the tops of the rounded Titanotherium ridges. The 

old basin floor in Indian Creek has been largely dissected, so that the 
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draws of today flow at a level 100 to 200 feet below it. Plate II., 

Fig. 2, is a photograph taken on the level of this terrace in Indian 

Creek, showing the uniformity of levels in the tops of the buttes. 

The high buttes in the left distance are capped by a sand dune de- 

posited as described above. | 
Huntington *°* has discussed fully the origin of terraces and shows 

that while they may be of either tectonic or climatic origin, the 

actual structures of the terraces would generally demand crustal move- 

ment of very unequal distribution acting differently on different parts 

of each valley and on adjacent valleys, while a climatic change over 

the whole area more easily explains all the phenomena. 

For the terraces formed by the erosion of the remnants of the old 

high plain by the tributaries of the Cheyenne and White Rivers, a 

climatic origin is probable, since all the streams seem to show evi- 

dence of the same stages of terrace formation. All of the streams 

now seem to be entrenched in narrow central channels, indicating 

that the present is a period of greater aridity than usual. The ero- 

sion of the high table lands is progressing rapidly and in many places 

landslips have dropped the outer few feet of the edges of the tables 

down into the lower badlands. Sometimes this slumping gives rise 

to temporary ponds, such as are developed in Cedar Pass at Interior, 

where extensive landslides of the southern face of the Wall of the 

Badlands have blocked the channels of two or three badland draws. 

Causes of the Capture of Black Hills Drainage by the Cheyenne 

River—Todd ‘*™ in a paper on the hydrographic history of South 

Dakota suggests that this took place before the Pleistocene because 

of the amount of erosion since that time by the Cheyenne River. He 

suggests as causes: “(1) the greater rainfall in the northern Hills; 

(2) the thinness of the Tertiary beds and more easy erosion of the 

Pierre shale underlying ; (3) the capture of the headwaters of a 

stream flowing northwards, perhaps the Little Missouri.” From the 

evidence given above it seems that the date of the South Fork of the 

Cheyenne may be as late as the Pleistocene because of the length of 

time required for the stage of peneplanation, dissection, gravel depo- 

sition, and desiccation described above, which took place between the 

103 “ The Climatic Factor,’ Carnegie Inst. Pub. No. 192, 1914, pp. 23-36. 

104 Bull. Geol. Soc. Amer., Vol. 13, 1902, pp. 31-32. 
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close of Middle Miocene deposition and the beginning of the Chey- 

enne River period. 

Assuming that the date of the stream capture of the southern 

Black Hills drainage by the Cheyenne River is in the Pleistocene, 

there are three possible causes for this capture in addition to those 

mentioned above by Todd. First, there is evidence that many areas 

were depressed by the weight of glacial ice. The slope of the South 

branch of the Cheyenne is in general toward the nearest part of the 

glaciated region east of the Missouri River. This might be due to a 

change in the direction of regional slope through the depression of 

the region under glacial ice. On the map (Fig. 10) it is shown that 

two other rivers have courses almost parallel in direction to that of 

the south branch of the Cheyenne. These are the lower part of the 
Little White River and the upper part of White River. (1) Todd? 

says that there is evidence of an old channel from the sharp north- 

ward bend of this river to the Minniechadusa, a tributary of the 

Niobrara, and that the lower northeastward flowing portion of the 

stream runs through a narrow canyon for several miles with falls. 

(2) The upper portion of White River is also parallel in direction to — 

the south fork of the Cheyenne, though the writer has no information 

as to the date of this valley. 

In the northern Black Hills there is also evidence of a general 

tilting toward the northeast. Mansfield 1°° states: “ The persistent 

offsetting of drainage in such a manner as to develop northeast- 

flowing master streams is not satisfactorily explained by climatic 

oscillations alone, and appears to indicate northeast trenching.” He 

- also recognizes a period of post-Oligocene incision or valley forma- 

tion, followed by a later period of aggradation when extensive boulder ' 

and gravel deposits were formed. He interprets this as a period of 

relatively high humidity (degradation) followed by a return to more 

arid climatic conditions (aggradation). This seems to correspond to 

the beginning of the dissection of the High Plain in pre-Cheyenne 

River time, followed by the period of heavy gravel deposition in the 

Big Badlands referred to above, and suggests that these stages may 

represent significant climatic changes over wide areas. 

105 Op. cit., p. 32. ; 

106 Mus. of Comp. Zodl. at Harvard Coll., Bull. 49, 1905-08, pp. 71-76. 
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A second possible cause for the capture of the Black Hills drain- 

age by the Cheyenne might be the fact that the Missouri was forced 

westward nearly 200 miles in central South Dakota by the glacial 

advance. It had previously flowed in the valley now occupied by the 

James River in eastern South Dakota. There are remaining east of 

the Missouri the continuations of high divides between the valleys of 

Bad River and the Cheyenne, and the White River and the Niobrara 

(Bijou Hills), showing that these streams flowed eastward beyond 

the present valley of the Missouri. The course of the Cheyenne 

River between the Black Hills and the Missouri was shortened more 

than that of the White River when the Missouri was forced west- 

ward around the end of the glacial lobe. Similarly the course of the 

White River was shortened more than that of the Niobrara. The 

increased gradients in each case may have stimulated headward cut- 

ting of the tributaries, so that they were able to capture the head- 

waters of streams less favored. _ 

A third cause which may explain the stream capture by the Chey- 

enne River and the almost complete erosion of the Tertiary deposits 

from central and northwestern South Dakota, is what Huntington & 

Visher 1°? have described as the shifting outward of a belt of great 

storminess around the end of a glacial lobe, which is a permanent area 

of high barometric pressure. If the belt peripheral to the edge of 

the glacier in central and northern South Dakota received a greater 

number of storms which had formerly passed north of them, the 

rivers of this belt, especially the Cheyenne, would be stimulated to 

more active channel cutting and might easily lower its bed so as to 

capture the headwaters of streams less favorably situated, as the 

White and Bad Rivers. The geographic relations seem to suggest 

some relation between the recent erosional history of the region and 

the glacial lobe to the east of the present course of the bene 

River through South Dakota. 

From the foregoing outline of the post-White River history of 

the badlands of South Dakota, it is apparent that the series of climatic 

rhythms traceable in the Oligocene continued in increasing magnitude 

through the late Tertiary and Pleistocene to the present. It is not 

107 “ Climatic Changes,” 1922, pp. 110-129, 141-144. 



WHITE RIVER BEDS OF SOUTH DAKOTA. 269 

yet possible to interpret these rhythms entirely nor to correlate them 

with rhythms in other parts of the western United States or the 

world, but a careful study of the climatic history of different areas 

may lead to the recognition of many world-wide climatic cycles of 

lesser magnitude than glacial periods, but still sufficient in size to 

have a profound influence on the distribution and development of the 

plant and animal life of the world. 

PROC. AMER. PHIL. SOC., VOL. LXII., R, NOV. 26, 1923. 



SYMPOSIUM ON THE INHERITANCE OF ACQUIRED 

CHARACTERS. 

HISTORICAL SKETCH. 

By WILLIAM B. SCOTT. 

(Read April 21, 1923.) 

My function this afternoon is to act as a prologue; and, in the 

first place, to explain to those of you who are not biologists precisely 

what the problem is, and, in the second place, to give a brief historical 

outline as to the course and fluctuation of opinion with regard to it. 

The problem may be briefly stated thus: Whether the characters 

which are acquired in the lifetime of a parent are transmissible to the 

offspring. Acquired characters are those with which the individual 

is not born, or hatched, or otherwise brought into the world, nor such 

as would normally develop at certain stages of life. A man, for 

example, is born without a beard, but a beard can not be regarded as 

an acquired character, it is merely an illustration of what Darwin 

called “ inheritance at corresponding stages of life.’”’” Acquired char- 

acters are modifications peculiar to the individual. There is no ques- 

tion at all that congenital characteristics, those with which the indi- 

vidual is born, are largely transmissible. The doubt comes as to 

whether such modifications as arise in the organism, due to injury, 

accident, disease, or the habits of life, are ever passed on, in however 

slight degree, to the offspring. 

Many savage tribes practice mutilation of one kind or another, 

or deformation of children. The Flathead Indians, for example, dis- 

tort the heads of their babies, and for centuries the women of the 

upper class in China have had their feet distorted by binding. Then 

again aptitudes and habits are, especially in the oriental countries, 

practiced by the same family for many centuries. Is there any evi- 

dence that the children of those families, aside from early training, 

more easily acquire skill and attain a higher degree of it than the 

children of families in other handicrafts? It must not be supposed 
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that all acquired characteristics are of the nature of those previously 

mentioned. They may be structural, as the result of use or disuse 

on the part of the individual. Parts which are not used at all tend to 

shrink and atrophy, while those which are regularly and vigorously 

exercised increase. Are such effects ever heritable? 

Now, without taking sides, pro or con, it remains for me to sketch 

briefly the course of scientific opinion on this topic. 

For a long time the transmissibility of acquired characters was 

taken for granted, and the great difference between the views of 

Lamarck and those of Darwin was as to the importance in the causa- 

tion of evolutionary changes which was to be attributed to such trans- 

mission. Lamarck gave much higher importance than did Darwin to 

these individual changes and acquisitions. Nevertheless, Darwin ex- 

plicitly accepted the heredity of acquired characteristics, and re- 

peatedly calls in the facts of use and disuse to explain the course of 

development. In one famous chapter he compares the skeletons of. 

wild and domestic ducks, and shows that in the latter the bones of 

the wings are relatively smaller than in those of their wild proge- 

nitors; and he explains this difference by the fact that the domestic 

duck uses its wings but little, or not at all. In order to explain the 

transmission of such characters from generation to generation, Dar- 

win devises an elaborate theory of heredity, the theory of Pangenesis, 

though this never found any considerable degree of acceptance. It 

must also be recognized that Darwin attributed a distinctly secondary 

importance to the acquisition of individual characteristics and their 

inheritance by subsequent generations. To him the all-important 

changes were the congenital variations with which the individual was 

born. Nevertheless, it is distinctly unfair and inaccurate to insist 

that the theory of the transmission of acquired characters is purely 

Lamarckian and not Darwinian. The difference between these two 

illustrious men in this regard was as to the degree of importance 

which should be attributed to this process. 

It has long been known that cave animals of various classes, 

fishes, amphibians, insects, and spiders, which live in total darkness 

throughout their entire lives, are nearly always blind and without 

pigmented color. This general phenomenon (which is also largely, 
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but not exclusively, shared by the creatures of the deep sea) was 

formerly attributed to the direct action of the darkness itself upon 

successive generations of these cave animals; and this, acting cumu- 

latively, produced the effect of blindness and lack of pigmentation; 

and a more typical instance of the supposed transmission of acquired 

characters could hardly be selected than this. 

An entirely different aspect was given to the whole question by 

the publication, from 1889 to 1892, of the various essays of the late 

Professor Weismann, of Freiburg, in Germany. Weismann’s career 

was quite a remarkable one. Beginning with the microscopic work, 

then universally expected of every German professor of zodlogy, he 

was forced by failing eyesight to take to other lines of work; and he 

published the results of a series of experimental investigations upon 

butterflies, amphibians, and other creatures, which were gathered up 

and preserved in book form, and published in England with a preface 

by Darwin. This work was followed by a remarkable series of 

speculations upon the constitution of the germ plasm—i.e., the won- 

derful material which is the carrier of heredity. To a certain extent, 

Weismann’s view as to the continuity of the germ plasm was antici- 

pated by Sir Francis Galton in England, who compared the germ 

plasm to the chain of a necklace, and the individual to the pendant 

hanging from each link. 

The work of Gregory Mendel, the famous Austrian monk, which 

was published in 1866, was so far ahead of its time that it fell dead- 

born from the press, and was altogether forgotten until Mendel’s 

results were rediscovered by the German and Dutch botanists. Weis- 

mann thus knew nothing of Mendel’s work; and it is very surprising 

to see how, by a process of pure speculation, he reached very similar 

results. Time would fail to give any, even the briefest, account of 

Weismann’s views as to the constitution of the germ plasm, nor is it 

necessary in this connection. It will suffice to say that Weismann 

was led to deny, in toto, the possibility of the transmission of acquired 

characters, not from experiments or observations upon that particular 

problem, but because his theory of heredity could provide no ma- 

chinery for such transmission. He thus became an extreme Dar- 

winian, in the narrowest sense of the word; and one of his papers 
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bears the-title ““The Omnipotence of Natural Selection,” which he 

regarded as the sole active factor in organic development. Weis- 

mann’s views speedily found a very wide acceptance throughout the 

world ; and it is probable that the overwhelming majority of botanists 

and zodlogists would today deny the possibility of the transmission 

of acquired characters. Even the medical men speedily accepted the 

same conception of the heredity of disease. Aside from cases where 

the unborn child is directly infected, it is now largely maintained that 

what is transmitted from parent to child is the liability to a particular 

disease, and not the disease itseli—the constitution which lays the 

individual open to infection. 

For years past in many quarters the question has been regarded 

as definitely closed and settled, but it will not down; and in some of 

the testimony which you will hear in the course of this symposium 

you will see the reason why this problem remains one of sempiternal 

interest. 

It is not for me to express any views on the problem itself; but 

I trust that in this brief outline you will get an idea of the proportions 

which this problem has assumed in the history of biological thought. 

PRINCETON UNIVERSITY, 

Princeton, N. J. 
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By M. F. GUYER. 

(Read April 21, 1923.) 

Distrust of the earlier naive belief in the wholesale inheritance of 

any or all modifications which might be acquired by the body was the 

necessary prelude to the later doctrine of germinal continuity which 

has proved to be such a remarkable incitant to research in the fields 

of embryology, cytology, and genetics. As an outcome of this re- 

search one important discovery has followed another until today we 

have before us in these several realms an imposing body of interre- 

lated facts. But in our effort to root out the cruder Lamarckian 

heresies, is it not possible that we have been more zealous than our 

actual knowledge warrants ? 

Knowing as we do today that the germ-cells and the body-cells 

of a given organism usually develop at the same time, all descending 

by division from an initial fertilized ovum, it is obvious that the new 

organism is, in the main, the expression of what is in the germ-line 

rather than of what it got from the body of its parents. Since the 

new germ-cell is but a reduplication of the zygote from which it 

sprang, it is not astonishing that it should express itself structurally 

and functionally in the same way. 

The real problem in which the evolutionist is interested, however, 

is not so much that of how metabolic activities already established 

are handed on and expressed in descendants, as the problem of how 

new complexes which find expression as new or modified characters 

originate in the germ. Are they the result of constitutional germinal 

changes which bear no direct relation to the investing soma or the 

extrinsic conditions of life, or are they initiated by somatic or other 

environmental influences? If the latter, is there any specific relation 

between the stimulus and the result it produces? Or, again, are there 

perhaps at one time inner, at another outer causes, or combinations 

of these responsible for the results? In any event it is evident, as 

Darwin long ago pointed out, “that the nature of the organization 
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acted upon €ssentially governs the result.” It is, in brief, this fact 

of change, of variation, that is the real basis of evolution, and the 

problem of problems is that of the cause or causes of such changes. 

For, as I have expressed the matter in an earlier paper,’ “ what- 

ever we may believe about the degree of preformation which exists 

today in the mechanism of heredity, it is absurd to assume that in the 

simpler primitive protoplasm from which modern forms have evolved 

there could have been genes of the characteristics of all the organisms 

now in existence. Whatever individual development may be, we must 

assume that racial evolution was epigenetic. While doubtless in a 

sense man lived potentially in some primitive protozoan-like creature, 

actual material antecedents of his existing attributes were no more 

present in this ancestral creature than specific determiners for the 

oceans, continents, and topographical features of the world today 

were present in the original nebula which preceded our solar system. 

The great central problem of evolution is just this very one of how 

the determinative accumulations which exist in germ-cells today have 

been incorporated step by step into this erstwhile primitive proto- 

plasm. Certain possibilities have become realities and concomitantly 

as a basis of this reality the old mechanism has in part been altered, 

or a new mechanism has come into being which persists as a part of 

the established constitution of the germ-cell.” 

Before proceeding to further consideration of this matter, perhaps 

it will not be unprofitable to question briefly a few of the stock argu- 

ments commonly brought forward in support of the belief in the non- 

inheritance of somatic acquirements—or to state it more truthfully, 

in disparagement of any belief in the inheritance of such modifica- 

tions. It is a noteworthy fact that these arguments are mainly in the 

nature of denials, and while no one can question the value of cor- 

rective criticism, yet we sometimes need reminding that no convincing 

edifice of positive truth can be built wholly of negations. Suc- 

cess in pointing out the shortcomings of a rival theory by no means 

establishes the correctness of our own. 

One argument commonly advanced is the impossibility of a so- 

matic modification, such as a change in the brain structure or in the 

1 Am. Nat., Vol. LVI., Jan.—Feb., 1922. 
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biceps muscle, being specifically registered in the germ, since the latter 

is a cell possessing no such organ, but merely the possibility, after 

repeated divisions and growth, of producing the organ. But is this 

a fair way of stating the matter? Any organ of the body is a con- 

geries of cells, each as much a lineal descendant of the original ferti- 

lized ovum as the most immaculate germ-cell, and we have no reason 

to believe that somatic cells any more than germ-cells lose the heredi- 

tary potencies of the original zygote. 

Experimental morphology has shown that the distinctive struc- 

tural effects and functions which characterize the respective tissues, 

of many organisms at least, are probably the outcome of unequal 

activities among the same kinds of fundamental protoplasmic con- 

stituents in differing local environment; or in other words, in such 

forms a particular cell takes on the characteristics of a specific tissue, 

not because it is constitutionally different from other cells, but because 

of the differential nature of the stimuli to which earlier it has been 

exposed or to which it is subjected as a result of its special location 

in the developing organism. The innumerable phenomena of hetero- 

morphis, shifts of axial gradients, metaplasia, compensatory vicarious 

adjustments and the like, which make up the commonplaces of experi- 

mental morphology and pathology, all abundantly bear witness to the 

fact that the same initial cellular materials may yield very different 

end-products in different environments; that many, possibly all, cells 

retain all of the capacities for differentiation that existed in the origi- 

nal zygote. If we are to make a just comparison, then, between an 

organ and the germ, it should be a comparison between the individual 

cells which compose that organ and the germ-cell. As soon as we do 

this the matter takes on a very different aspect. For while various 

tissues may differ much in appearance, this is probably due mainly to 

cytoplasmic modifications or the accumulations of intercellular prod- 

ucts—that is, to differences in the formed products of the proto- 

plasm—rather than to fundamental differences in the living proto- 

plasm itself of the respective cells. If, then, changes in a given 

organ can release or engender products that operate specifically on 

certain elements in the component cells of that organ, it certainly puts 

no undue strain on our credulity to suppose that, granted some sort 
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of circulating medium, these same products may reach and act simi- 

larly on the representatives of these elements in the germ-cells. 

We are also told that for a new character to be demonstrable as 

an inherited acquirement it must be capable of reappearing in suc- 

cessive generations without the recurrence of the original evocative 

stimulus. But is this, at least without some qualifications, wholly a 

just demand? For a character which might be the chance sport of a 

non-specific extrinsic influence perhaps the requirement is a fair one, 

but why should an adaptive character which may have arisen in 

adjustment to a special environment necessarily reappear, at least in 

its full expression, if the conditions to which it has become adapted 

no longer exist? It is a biological commonplace that any organ which 

is prevented from functioning remains underdeveloped or even 

atrophies. Supposing, for example, that the effects of muscular 

training were in some degree inherited, the inborn increment for 
greater strength in the descendants of an ancestry of athletes would 

not reveal itself unless such progeny performed at least a certain 

modicum of muscular work. 

Again, we are sometimes referred to the results of the ingenious 

and interesting transplantation experiments of Castle and Phillips as 

proof of the non-inheritance of somatic acquirements. If we accept 

the presence-absence hypothesis as, judging from their publications, 

some Mendelists do, then, in guinea-pigs, black is dominant to white 

in crosses of black individuals with albinos because the offspring 

receives a factor for pigmentation from the black parent, but none 

from the white parent, and a single gene for pigmentation is sufficient 

to make the hybrid black. So that when Castle and Phillips trans- 

planted the ovary of a black guinea-pig into a white female whose 

own ovaries had been previously removed, and then bred this white 

female to a white male, they got what anyone, whether he be believer 

in the transmission of somatic acquirements or not, would expect 

them to get, namely, black offspring. For obviously such progeny 

must spring from ova carrying the factor for pigmentation, and since, 

according to the presence-absence hypothesis, the albino whiteness in 

question is due to absence of a pigment factor, there is nothing in 

either the white male parent or the white female foster-parent that 
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could be expected-to operate on the ovarian gene for black to modify 

it. He would be a sanguine transmissionist, indeed, who would ex- 

pect nothing to operate on something and produce a change! 

But even if we follow what seems to be the present-day tendency 

and abandon the presence-absence hypothesis as an unjustified as- 

sumption, we are no better off in such transplantation experiments. 

For, if albinism is represented by an actual positive factor in the 

germ which, nevertheless, remains unexpressed when associated with 

a factor for pigmentation, then why should we expect such a factor 

for albinism in the body of a foster-parent to affect a factor for pig- 

mentation in the implanted ovary, any more than we should expect 

albinism introduced by one gamete to affect the factor for pigmenta- 

tion carried by the other gamete? 

In general, the persistence of Mendelian recessives is widely re- 

garded as convincing evidence against the theory of possible somatic 

influence on inheritance. The inference is, I take it, that once such 

recessives become obscured, their factors should disappear if the body 

can influence the germ. But why should they? Even granting so- 

matic influence, why should not the factors for recessives persist in- 

definitely in the germ unless the somatic changes in question have 

some direct bearing upon them? It seems to me that this argument 

based on persistent recessives is largely beside the point. It would 

be valid against the old theory of pangenesis advanced by Darwin, 

which looked upon the new individual as an assemblage of samples 

collected from the tissues of the parent, but nobody advocates any 

such theory today. The idea that the constituents of the germ might 

be influenced by direct environmental conditions or by something 

transported to the gonad in the circulating fluids of the body is a 

very different one from the idea that the germ is constructed anew 

in each’ generation by aggregations of gemmules from the various — 

parts of the body. The one conception involves merely the modifica- 

tion of a mechanism already existing, the other implies recreation of 

an entire germ in each generation. 

Lastly, the fact that germ-cells and soma cells of a given indi- 

vidual often arise simultaneously in embryogenesis, and that neither 

produces the other, is commonly regarded as evidence of the inde- 
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pendence and genetical self-sufficiency of the germ, and of the repro- 

ductive impotence of the body. The contrast is heightened by point- 

ing to the few striking cases we are acquainted with in which the 

germ-cells are so conspicuously set apart in early cleavage that their 

history may be followed throughout later development. Not infre- 

quently we forget to add that in some species of animals, at least, 

there is evidence for believing that these primordial germ-cells later 

retrogress and disintegrate, and that the functional germ-cells which 

succeed them are of uncertain origin. Even blinking the well-known 

facts that in plants and in lower animals somatic cells readily give 

rise to new individuals, and that in some plants the somatic cells may 

be stimulated into the production of genuine germ-cells, the fact that 

in some forms germinal tissue apparently arises independently of the 

somatic tissues does not necessarily carry with it the implication that 

the investing soma can have no effect on the germ. In thus conceiv- 

ing of such isolation for the germ are we not in effect expecting it to 

exercise the quasi-spiritual prerogative of being in this world, though 

not of it? 
And so we might submit various of the other classical arguments 

against belief in the inheritance of somatic acquirements to the test 

of analysis and find that such generalizations, though well-sounding, 

are not as impregnable as the assurance with which they are usually 

expressed might lead one to suppose. Taken all together, however, 

they unquestionably supplement one another and constitute a body of 

evidence which renders it improbable that somatic acquirements are 

passed on to the germ constantly or with great frequency, at least to 

any considerable degree, in one or a few generations. 

Before entering upon the question of whether or not serological 

activities may be possible or probable sources of germinal modifica- 

tions, we may recall briefly certain facts of the immunologic reactions. 

Foreign proteins of either plant or animal origin introduced into the 

blood-stream of an animal will cause the formation of certain antago- 

nistic or corrective substances to which the general name of antibody 

is applied. The protein substance employed to produce antibodies is 

commonly called the antigen. Although there are several classes of 

antibodies—precipitins, agglutinins, bacteriolysins, cytolysins or cyto- 
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toxins, etc.—they all have certain points of similarity, as, for instance, 

their means of origin, their reaction to heat, and, in some cases, their 

mode of operation. Chemically their natures are still unknown, al- 

though evidence of their association with the euglobulin fraction of 

the blood is appearing in various recent investigations. 

In our experiments we have occupied ourselves mainly with ag- 

glutinins, precipitins, and cytolysins or cytotoxins. Agglutinins, as 

the name implies, are agglutinating substances. Bacterial agglutinins, 

for instance, clump bacteria of the species used in their production, if 

the two are brought together in the blood-serum of the animal into 

which the bacteria were originally introduced. Precipitins are sub- 

stances which form a precipitate when the blood-serum of the treated 

animal and an extract of the tissue used as antigen are brought to- 

gether in vitro; and cytotoxins or cytolysins are antibodies which 

possess a toxic or solvent action for the kind of protein used in their 

production. 

In the main all of the immunologic reactions show a considerable 

degree of specificity; the antibody will react fully only with the par- 

ticular kind of protein used as antigen. The specificity is not abso- 

lute, however; a milder reaction may be obtained with homologous 

proteins of related species, the extent of the reaction being determined 

by the nearness of relationship of the species to that from which the 

original antigen was obtained. With bacteria, the reaction is in the 

main specific, although so-called group reactions may appear. The 

serum of an animal immunized against typhoid, for example, may not 

only agglutinate Bacillus typhosus, but may also show this reaction in 

a less degree with such related forms as the colon bacillus. . 

Before leaving this subject of specificity, it should be further 

pointed out that a so-called “ species-specificity ’’ and an “ organ- 

specificity” are recognizable in certain serological reactions. By 

species-specificity is meant the fact, shown through precipitin reac- 

tions, that blood immunized against one tissue taken from a given 

species of animal will react, although in a less degree, with extracts 

of the other tissues of that species. Thus the blood-serum of a rabbit 

which has been treated with sheep blood-serum will form a precipitate 

not only with sheep-serum, but to some extent also with extracts of 
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sheep-muscle, sheep-liver, sheep-spleen, and other organs of the sheep. 

On the other hand, that there may be organ-specificity also, is shown 

by the fact that immunization with crystalline lens of one species of 

animal yields a precipitin which reacts with the lens proteins of vari- 

ous other species. Here again, however, the reaction against the kind 

of lens used as antigen is stronger than against the lens of a different 

species of animal, so that even in cases of organ-specificity there is 

still a demonstrable individual specificity. In our experiments we 

find, for example, that with extract of pig-lens, the serum of a goat 

immunized against pig-lens yields a much heavier precipitate than 

does this same serum when tested with extract of rabbit-lens. 

Coming now to our main problem, if it is possible to originate in 

living animals antibodies which will modify or destroy particular 

elements in tissues, is it not possible to secure similar selective action 

on the parts of the developing embryo? Or may there not be suffi- 

cient constitutional identity between the constituents of the somatic 

cells and those of the germ-cells that the latter may be -specifically 

modified by such serological influences as can provoke specific changes 

in tissue-elements ? 

In an attempt to find answers to questions of this kind, my re- 

search associate, Dr. E. A. Smith, and I began various experiments 

with lens antibodies and with Bacillus typhosis some years ago, which 

we are still continuing. Although we have experimented with mice 

and guinea-pigs, our main work has been with rabbits. At first, in 

the lens work, fowl-serum immunized against rabbit-lens was em- 

ployed, but later we injected pulped lens-material directly into the 

rabbits, and experiments are now in progress in which sheep instead 

of fowls are being used as the source of antibodies. I may narrate 

briefly the account of certain eye-abnormalities secured in fetal rab- 

bits and the facts concerning the transmission of such defects to sub- 

sequent generations. 

In our first experiments * the lenses of newly killed young rabbits 

were pulped thoroughly in a mortar and diluted with normal salt 

solution. About four cubic centimeters of this emulsion was then 

injected intravenously or intraperitoneally into each of several fowls. 

2 Jour. Exp. Zoél., Vol. 26, May, 1918; Vol. 31, Aug., 1920. 
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Four or five weekly treatments with such lens-emulsions were given. 

A week or ten days after the last injection the blood-serum of the 

fowls was ready for use. The rabbits had been so bred as to have 

their young advanced to about the tenth day of pregnancy, since from 

the tenth to the thirteenth day seems to be a particularly important 

period in the development of the lens; it is then growing rapidly and 

is surrounded by a rich vascular network that later disappears. From 

four to seven cubic centimeters of the immunized fowl-serum were 

injected intravenously into the pregnant rabbits at intervals of two 

or three days for from ten days to two weeks. A number of the 

rabbits died from the treatment and many young were killed in utero, 

Of sixty-one surviving young from mothers thus treated, four had 

one or both eyes conspicuously defective and five others had eyes that 

were clearly abnormal. It is possible that still others were more or 

less affected, as we judged only by conditions easily visible. In some 

of the descendants of this stock, indeed, ophthalmologists who have 

examined the eyes more thoroughly have pointed out defects which 

we had overlooked, and occasionally rabbits, that in their earlier 

months passed for normal, have later manifested defects in the lens 

or in other parts of the eye. 

The commonest abnormality seen in both the original subjects and 

in their numerous descendants was partial or complete opacity of the 

lens usually accompanied by reduction in size of the eye. In a few 

of our later strains in a different experiment, however, we have had 

several cases of enlargement of the eye, or buphthalmia. Other com- 

mon defects which have appeared are cleft-iris, displacement of the 

lens, persistent hyaloid artery, bluish or silvery color instead of the 

characteristic pink of the albino eye, microphthalmia, and even almost 

complete disappearance of the eyeball. The cases of cleft-iris, or 

coloboma, range all the way from a narrow slit in the lower edge of 

the iris to a broad wedge- or U-shaped opening which amounts prac- 

tically to the absence ‘of the entire lower part of the iris. The cleft 

may be confined to the iris or it may extend back deeper into the eye. 

When one takes into account the early embryology of the eye, it is 

easy to see how such clefts result from failure of the choroidal fissure 

to close as it should do normally. The bluish or silvery color, I am 
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told by-ophthalmologists who have examined the rabbits, is due mainly 

to detachment of the retina. Here again, when one recalls the loose 

embryologic connection between the retinal layers of the eye and the 

outer coats, even in the normal eye, it is easy to see how almost any 

distortion of the eyeball, unevenness of growth, or accumulation of 

fluid might bring about such detachment. 

Many of the eyes take abnormal postures. This is particularly 

true in some of our later strains. One or both eyes are likely to be 

strongly rotated downward or backward. The backward-rotation is 

carried to such an extreme in some cases that the cornea is visible 

only when the eyelids are drawn back at the outer corner or occasion- 

ally when the animal attempts to roll its eyeball forward. In such 

eyes the exposed sclera in front usually bulges (staphyloma) and 

becomes transparent, simulating a cornea. When we first came across 

this anomaly, in fact, we thought that we had a rabbit with a double 

eye on each side. 

Taking into account the method of embryologic development— 

the relations of lens, optic cup, and choroidal fissure—the defects, 

except those of the muscular attachment, are practically all such as 

might reasonably be attributed to arrests of development based upon 

early lens-defect. It is possible, to be sure, that we have developed 

antibodies against other eye-tissues as well as against the lens, since 

undoubtedly more or less of the aqueous humor and the vitreous body 

adhered to the lenses when we removed and pulped them for the 

original injections. Moreover, if proteins from other parts of the 

eye are ever in solution in the humors, they, too, may have been 

present in the antigen. Each individual protein, of course, has the 

capacity for engendering antibodies specific for itself. 

In some of our animals we find that an eye defective at birth, 

particularly if microphthalmic, may undergo further degeneration, 

characterized by collapse of the eyeball and resorption, so that the 

eyeball may eventually disappear entirely. The eyes of the mothers 

originally injected have always remained apparently unaffected. 

This is probably: due to the fact that the lens-tissue of the adult is 

largely avascular, and that, therefore, the injected antibodies did not 

come into contact with it. 
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That the changes in the eyes of the fetuses resulted from the 

specific action of lens-antibodies is indicated by the fact that in the © 

original experiment, in not one of the forty-eight controls obtained 

from mothers which had been treated with pure fowl-serum or with 

fowl-serum immunized to rabbit-tissues other than lens was there any 

evidence of eye-defects. I may add that since then, among over five 

hundred young obtained from mothers which are being experimented 

upon for other purposes with various types of sera or protein-extracts, 

or with typhoid bacilli, just before or during pregnancy, not a single 

case of eye-defect has appeared. To one familiar with the results 

obtained by the experimental embryologist, which show how suscepti- 

ble the eye is in early embryology to any kind of harmful influence, 

the natural inclination is to regard such abnormalities as due merely 

to a general poisonous or inhibitive effect, rather than to specific anti- 

bodies in the blood-serum. In answer to this I can only repeat that 

we have never obtained the defects in question except with serum 

carrying specific aritibodies. In any event, should the effect have 

originally been a general rather than a specific one, it is obvious that, 

germinally considered, it must sooner or later have become specific, 

since the anomalous eye-condition appears generation after generation 

without any recognizable accompanying malformations of other parts 

of the body. 

Before passing on to. the question of inheritance, I may say that. 

by way of control, for genetical studies, in addition to what we have 

termed our 3A1 line, we developed another line from wholly unrelated 

stock, our so-called 16A1 line. Moreover, we have established still 

a third strain, the 84 line, which was started, not by means of fowl- © 

serum immunized to rabbit-lens, but by the use of pulped rabbit-lens 

intravenously injected directly into rabbits just before or during their 

pregnancy. In this last case the rabbit must herself have developed 

antibodies against the invading lens-material. Out of eleven different 

females so treated, im twenty-three matings, only one individual gave 

us young with abnormal eyes. These defects are of the same general 

nature as those secured by means of fowl-serum immunized to rabbit- 

lens, and they behave similarly in inheritance. We have also started 

a defective-eyed line of guinea-pigs in which the anomaly was pro- 
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duced by the injection of pulped rabbit-lens into the pregnant mother 

guinea-pig. And finally, another investigator, working in our labo- 

ratory with pedigreed lines of a large variety of rabbit known as 

- New Zealand Reds, has secured defective eyes in fetal young by 

employing sheep serum immunized to rabbit-lens. 

As already indicated, once the defect is secured, it may be trans- 

mitted to subsequent generations through breeding. So far, in the 

3A1 line, we have succeeded in passing it down through nine genera- 

tions. There is no reason apparent why it will not go on indefinitely, 

since the imperfections tend to become worse in successive genera- 

tions, and also to occur in a proportionately greater number of young. 

The same genetical conditions hold for the other lines, although be- 

cause of their more recent origin we have manifestly not been able to 

carry them through so many generations. 

The transmission is not infrequently of an irregular unilateral 

type, sometimes only the right, at others only the left, eye showing 

the defect. In this respect it resembles genetically such anomalies as 

brachydactyly or polydactyly in man. In later generations there has 

been an increasing number of young with both eyes affected. 

The abnormal condition has in general the characteristics of a 

Mendelian recessive. When either defective-eyed males or females 

are bred to normal-eyed individuals from other strains, for instance, 

only normal-eyed progeny result in the first generation, but the ab- 

normal condition may be made to reappear in subsequent generations 

if appropriate matings are made. Two defective-eyed rabbits bred 

together, however, are likely to produce some normal-eyed young— 

a fact which indicates that we are not dealing with a simple Mendelian 

recessive. Possibly more than one pair of unit factors are involved. 

To assure ourselves that the transmission of the defect from gen- 

eration to generation was not merely the passing on of antibodies by 

way of the placenta from mother to young, the descent has been 

repeatedly established through male lines. Females from strains of 

rabbits unrelated to our treated stock when mated to defective-eyed 

males always bear normal-eyed young, but when such young are 

mated to defective-eyed males or to males of their own derivation, 

the defect reappears in some of the progeny, after the manner of a 

PROC. AMER. PHIL. SOC., VOL. LXII, S, NOV. 26, 1923. 
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Mendelian recessive. It is plain that the abnormal condition could 

have been introduced into these new strains only through the germ- 

cells of the defective-eyed males, and its transmission is, therefore, 

an example of true inheritance. 

But if serological influences are of any importance in the produc- 

tion of germinal changes under the ordinary conditions of life, they 

must be such as arise-in the animal’s own body without the interven- 

tion of man, so it becomes of importance to ascertain whether or not 

an animal will build antibodies or related substances against its own 

tissues when these become displaced, injured, or otherwise modified. 

We have been able to show experimentally that such is the case. In 

a series of experiments with spermatotoxins, for example, I found * 

that the blood-serum of a rabbit injected intravenously with its own 

spermatozoa becomes highly toxic for the spermatozoa of rabbits, 

including its own. And just within the past few days we have been 

able to demonstrate that a normal rabbit will develop lens-antibodies 

in its blood-serum when its lens is injured. To determine this we 

first tested the serum of three rabbits for rabbit-lens precipitins and, 

in each case, found it negative in all the dilution commonly employed 

in making the precipitin test. Next, we anesthetized the rabbits and 

attempted to break up the lens in one eye of each by means of a 

needle, using the technique commonly employed by the ophthalmolo- 

gist in similar operations on children. Seven days later the serum of 

each of the three rabbits was tested for lens precipitins. In one of 

them positive reactions were obtained in all dilutions up to 160. In 

the other two the results were negative, but we have reason to believe 

that the lenses of these animals were not injured in the original opera- 

tion because they remained perfectly transparent, whereas the lens 

in the eye operated upon in the first rabbit became opaque within a 

few hours after the operation. We are planning to repeat this ex- 

periment on a number of animals immediately.* As a significant sup- 

plementary fact I may add that tests for lens precipitins were made 

on the blood-serum of certain of our defective-eyed individuals which 

8 Jour. Exp. Zodl., Vol. 35, Feb., 1922. 

* Since writing the above seven rabbits have been treated in the manner 

described; lens precipitins developed in every case. 
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had marked hereditary lens-defects and positive reactions in dilutions 

of from 80 up to 160 occurred. 

But if antibodies of the nature of precipitins may thus arise 

against an animal’s own tissues, there is no reason to doubt that other 

types of antibodies also occur, although their presence is not so easily 

demonstrated. As a matter of fact, it has been known for some years 

that toxic reactions resembling anaphylactic shock often follow ex- 

tensive injuries of the soft tissues. Moreover, some nine years ago 

Bradley and Sansum, employing anaphylactic reactions, found that 

guinea-pigs injected with various guinea-pig tissues such as heart, 

liver, muscle, testicle, and kidney developed. immunity reactions. 

Again, the “sympathetic” degeneration of an uninjured eye, so 

familiar to oculists, which may result if the other eye is severely 

damaged and not removed, is strongly indicative.of a cytolytic or 

cytotoxic influence. Also, it is known that certain changes in the 

blood of the mother during pregnancy, apparently induced by cells or 

cell-products set free from the newly forming placenta, seem to be of 

the nature of antibody formation. 

The whole subject of the fetal and maternal relationship fairly 

bristles with question marks, but to consider it on this occasion would 

lead us too far afield. The problem here merges with that of the 

endocrinal secretions. The latter are at present such popular sub- 

jects of research that it is widely known that in them we have in the 

circulation a series of powerful substances capable of producing pro- 

found effects in any or all parts of the organism. Since hypertrophy 

or atrophy of an endocrine gland may be followed by marked altera- 

tions of structure or function in one or more regions of the body, it 

seems not unlikely, as various investigators have suggested, that the 

germinal homologues of the parts of the somatic cells thus affected 

might likewise be modified. I have enlarged upon this line of thought 

somewhat in earlier papers * and can not enter into it here. 

I wish to return now briefly to another line of experimentation 

we have in hand. As you know, two different opinions, based on the 

old problem of the inheritance or non-inheritance of somatic acquire- 

ments, have been advocated to account for the relative immunity that 

4 Am. Nat., Vol. 55, Mar—Apr., 1921; Vol. 56, Jan—Feb., 1922; Vol. 56, 

Mar.—Apr., 1922. 
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a race of people or strain of animals develops in time against in- 

fectious diseases to which they have long been exposed. According 

to the one view the partial immunity acquired by such members of 

the population as recover from the disease is transmitted in some 

degree to their young. Such of these as again survive infections of 

the disease develop still greater immunity, which is in turn passed on 

to their offspring, and thus a racial immunity is gradually evolved. 

The other view regards such racial immunity as more in the nature 

of a negatively developed trait which has become the prevalent type 

because of the death, generation after generation, of the more sus- 

ceptible members of the population. It is clear that the problem can 

be settled only by experimentation. 

In an attempt to get some light in the matter, we are immunizing 

successive generations of rabbits to the bacillus of typhoid fever. 

We chose Bacillus typhosus as a test organism because we could easily 

obtain standardized strains of it from the State Health Laboratory 

and because rabbits will build up antibodies against it without develop- 

ing typhoid fever. Furthermore, the Widal agglutination test affords 

a ready means of determining the degree of immunization which has 

been attained in any individual. Our experiments have been in prog- 

ress over three years, during which time four, or in one line five, 

generations of rabbits have been secured. 

Without going into the details of our technique and experiments, 

I may report simply that in what were originally normal untreated 

individuals, after immunization to typhoid bacilli we were able to 

secure agglutination of Bacillus typhosus in dilutions of serum with 

normal salt solution of not over 1:720 or at most 1:1440. In some 

of our later generations we find individuals which, upon immuniza- 

tion, give us positive agglutinations in dilutions as high as 1:20,000 

and even 1: 40,000. 

We found also that while young of a normal mother nursed by 

an immunized mother acquire a titer approximating that of the foster- 

mother and lose it again rapidly after weaning time, young of im- 

munized mothers, even when nursed by a non-immunized foster- 

mother with negative agglutinin reaction, maintain their titers for 

some months. This fact leads one to believe that in the offspring 
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which have acquired their immunity reactions through placental trans- 

mission some mechanism concerned with production of antibodies has 

been influenced which was left untouched by such passive transfers 

as occur through milk. Furthermore, a spontaneous rise in titer 

which is likely to occur in from three to five months after birth in 

such placentally immunized young tends to bear out this conclusion. 

It is of interest to learn that uterine young may not only acquire 

immunity reactions from their mothers, but may retain them suffi- 

ciently to transmit them in a measurable degree, without further im- 

munization, to their own offspring. Even if this is nothing more 

than placental transmission it may be of practical importance, since, 

in placental mammals, a large percentage of a population might, in 

time, through such transmission come to exhibit some degree of 

immunity to a widely prevalent disease. 

Lastly, if the results of our future experiments bear out our 

present data, it becomes evident that when succeeding generations of 

rabbits are immunized to typhoid bacilli some modification is made in 

the immunity mechanism whereby individuals of later generations are 

capable of developing higher titers against these germs than were the 

individuals of the first generation treated. Whether or not the new 

condition is truly hereditary—that is, due to factors present in the 

germ-cell at the time of fertilization—remains yet to be tested. Our 

present results are suggestive of this. We expect to carry our ex- 

periments through several further generations before trying to decide 

by such genetical criteria as transmission and extraction of the condi- 

tion through male lines. We are endeavoring in every way to avoid 

selection, since it is obvious that if we selected for breeding purposes 

in each generation only those individuals that showed the highest 

titers, we might merely be taking the place of a “ natural selection ” 

which operates on an original natural immunity, or conceivably con- 

centrates various multiple or supplementary factors in successive 

generations. 
In conclusion, I may say that from the combined results of the 

experiments in the several fields of our studies, and in view of the 

fact that there are so many agents at large within the animal organism 

which can modify the cellular constituents of the various tissues, we 
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feel that it is not unreasonable to suppose that in the serological mech- 

anism of the body of animals there exists a means for the incitement 

of certain of the germinal changes which underlie evolution. In so 

far as these seral influences may be engendered through modifications 

of an animal’s own tissues they provide a possible means of reflecting 

the effects of such modifications onto-the germ-cells specifically as 

hereditary somatic acquirements. For example, if an injured lens 

originates lens antibodies in the blood which attack some of the lens 

determining constituents of the germ-cells in such a way that the new 

animals developed from such germ-cells have defective lenses, then 

the result must be reckoned an example of the inheritance of a somatic 

modification. On the other hand, if a seral substance introduced 

from without or produced by the introduction of foreign agents oper- 

ates by attacking simultaneously parts of certain tissue-cells and the 

correlatives of these parts in the germ-cells, then the result is what is 

known as parallel induction. As pointed out in our 1920 paper (p. 

211) regarding the transmission of the induced eye-defects which had 

been secured at that time: “ It is not entirely clear as to whether the 

result should be reckoned primarily as an example of the inheritance 

of a somatic modification—that is, a change produced in the lens of 

the uterine young which in turn has induced a change in the lens- 

producing constituents in the germ-cells of these young—or as simul- 

taneous changes in the eyes and in the germ-cells of the young. In 

either case the inference is that there is some constitutional identity 

between the substance of the mature organ in question and its mate- 

rial antecedents in the germ.” In this same paper (p. 213) it was 

also suggested that, since without any subsequent treatments the de- 

fects became more and more pronounced in successive generations, 

the degenerating eyes might themselves be “directly or indirectly 

originating antibodies or other chemical substances in the blood- 

stream of their bearer which in turn affect the germ-cells. . . . These 

once established, should be as effective in modifying germinal factors 

as corresponding antibodies introduced into the fetus through the 

placenta of the mother.” As a further step toward rendering this 

possibility a probability, I would cite again the experiments which I 

have already reviewed, namely, the production of spermatotoxins in 
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a rabbit by-means of its own spermatozoa, and the origination of 

lens-antibodies in the blood-stream through needling the lens in the 

eye. It is my belief that our experiments have shown that germinal 

constitution can be altered by immunologic influences, and that it is 

probable that these influences may on occasion be engendered through 

changes in an animal’s own tissues. 

UNIVERSITY oF WISCONSIN. 



ARE THE EFFECTS OF LONG-CONTINUED ROTATION 

IN RATS INHERITED? 

By DR. J. A. DETLEFSEN. 

(Read April 21, 1923.) 

I have been asked to report briefly and yet critically on the present 

status of those unique experiments on long-continued rotation begun 

by the psychologists, Dr. Bentley and Dr. Griffith. Perhaps my only 

justification in presenting, among other data, the data accumulated 

largely by Dr. Griffith, lies in the fact that both Dr. Griffith and Dr. 

Bentley have thought important zodlogical and genetic implications 

were involved in their experiments, and because they have been kind 

enough to speak of me as cooperating in these experiments since they 

were housed in my laboratory, where I had ample opportunity to 

follow them at first hand. Furthermore, it has been possible for me 

to make additional observations at the Wistar Institute. 

Every one is familiar with the sensation of dizziness that usually 

results from a rapid spinning upon one’s heels, or an experience in 

the merry-go-round, or even with the revolving chair or turntable of 

the laboratory.. Associated with this is a twitching back and forth 

of the eyes and oscillatory movements of the head to which we apply 

the term nystagmus. Such responses are really compensatory ad- 

justments, the object of which is to retain the same field of vision 

and original bodily position which the subject had prior to the appli- 

cation of the stimulus. Thus in a rat rotated clockwise or to its 

right, say ten turns in twenty seconds, on the turntable in a horizontal 

plane around a vertical axis, the two eyes make coordinated move- 

ments in a direction opposite to rotation during rotation, slowly 

moving to the left and snapping back to normal, while the head 

swings to the left—.e., versus rotation. If the rotation is then sud- 

denly arrested, the head swings to the right or in the direction of 

former rotation, while the eyes show the slow compensatory move- 

ment to the right with the quick return movement to the left—to 

which phenomenon we apply the term “ after-nystagmus.” This lat- 

292 
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ter group of Compensatory adjustments in after-nystagmus is there- 

fore, in general, the opposite of the former adjustments of rotational 

nystagmus. A similar set of sequelz, but opposite in direction, would 

accompany rotation to the left or counter-clockwise. All such read- 

justments which an animal tends to make to disturbances of equi- 

librium are in part dependent upon speed and duration of rotation, 

negative and positive acceleration, bodily condition of the animal, and 

finally upon the amount of rotation which the animal has previously 

endured. Indeed, if the stimulus is intense, the bodily manifestations 

may be profound and involve pronounced muscular, glandular, respi- 

ratory, and vascular responses. 

This fact, that after-nystagmus persists for some seconds after 

’ rotation, makes it possible to measure the response to a given unit © 

of stimulus in terms of time. Thus the rotation of a rat on a turn- 

table or cyclostat, when the unit stimulus is a rate of twenty revolu- 

tions in ten seconds, produces an after-nystagmus in which the eyes 

oscillate for about 9.5 seconds. If the position of the rat and speed 

are constant, then the results of a given series of such unit stimuli 

applied at one time and under one set of conditions show much uni- 

formity—varying perhaps only a second on either side of a mean. 

However, while the results of a series of cyclostat tests given today 

may be fairly uniform in themselves, they may as a whole differ from 

_a similar uniform set of cyclostat tests administered tomorrow. Cer- 

tain causes, obscure as yet (perhaps such as temperature, hunger, and 

excitement), may modify the averages of given sets of tests, although 

the results within a given set show considerable uniformity. In any 

event, it is of some value to be able to measure the response and know 

the ranges under various conditions, for large differences due to 

differential treatment become significant. Throughout my discussion 

the unit of stimulus to call forth a measurable after-nystagmus will 

be understood to be twenty rotations in ten seconds. 

During the late war, when men were taking to the air in far greater 

numbers than ever before, it was necessary to gain more knowledge 

of the mechanics of equilibration, concerning which there was much 

divergence of opinion, particularly relative to a long-continued and 

: repeated stimulus such as rotation. In an attempt to solve some of 
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these problems an experiment was devised for rotating white rats 

continuously over long periods of time. Individuals were placed in 

18 circular cages, about 10 inches in diameter, revolving at speeds of 

60, 90, and 120 revolutions per minute, some in a clockwise and some 

in a counter-clockwise direction. ‘The animals, to be sure, made defi- 

nite and pronounced attempts to adjust themselves to their new en- 

vironment by running in a direction opposite to rotation and by the 

characteristic behavior that goes with rotational nystagmus, in the 

same manner that a human being does when enduring the rolling mo- 

tion of a boat at the beginning of a sea voyage. Eventually they be- 

came accustomed to their novel experience and learned to eat, sleep, 

play, reproduce, in a word to carry out their entire life history in the 

rotating nest. Many animals have endured from 6 millions to 80 

millions of rotations, which, put into terms of time, means two to 

eighteen months. Upon removal from the rotating nest, the subjects 

had to readjust themselves to our prosaic universe and they showed 

a marked after-nystagmus in much the same manner (to continue our 

simile) as a human being does when returning to terra firma after a 

long sojourn on a rolling sea vessel. The rats would often run or 

walk in a direction parallel to the specific former rotation for several 

weeks. If the random movements were counted, they bore the defi- 

nite earmarks of being related to the specific previous rotation— 

clockwise or counter-clockwise. Two results followed: . 

(1) Such subjects showed increased muscular incodrdination, 

ocular movements became modified, they declined rapidly, and died; 

or 

(2) They recovered after several weeks and appeared normal; 

but after several months deep-seated effects apparently cropped to 

the surface, and the subjects showed modified muscular and ocular 

movements, the necks and heads were twisted, and signs of labyrin- 

thine or vestibular disturbances became apparent. These disturbances 

were again related to the specific type of former rotation ; for counter- 

clockwise rotation was followed by a right twist of the head and a 

shorter counter-clockwise after-nystagmus; while clockwise rotation 

gave the opposite result, a left twist with short clockwise after- 

nystagmus. Dr. Griffith mated individuals removed from rotating 

1 Griffith, C. R., Science, N. S., Vol. 56, p. 676. 
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nests both inter se and to normal unrotated stock, and in the results 

of these matings appeared the bewildering facts which he found 

difficult to compromise with prevalent genetic conceptions, and which 

I am purporting to reinvestigate so that the facts may stand either 

corroborated or refuted, and in any event, at least, we hope explicable. 

Briefly stated, Griffith maintains: 

(1) That individuals with a long history of rotation in their 

ascendants showed a peculiarly high incidence of disequilibrated 

progeny among the descendants, although the descendants were not 

rotated ; and 

(2) That the type of disequilibration in these descendants is 

specific in that it shows a one-to-one correspondence to the type of 

ancestral rotation. 

A single illustration will show the type of results which were 

obtained. Male 199-LR,s was born in a litter of eleven rats in a 

counter-clockwise rotating nest on May 8. His parents had also been 

rotated in the same direction. Removed from the rotating nest after 

about two months (6.5 million rotations), he was mated to eleven 

normal unrotated females about the first of November. His mates 

- were normal, because when a cyclostat test was administered they 

gave averages of 9.5 seconds and 9.4 seconds as the duration of after- 

nystagmus from counter-clockwise and clockwise rotation respectively. 

The unit stimulus was, as stated, 20 turns in 10 seconds. Twelve F, 

litters were born, of which five died in toto, leaving seven litters with 

45 F, offspring. Of these 45 F, offspring thirty lived beyond the 

weaning period and 24 of these remained normal, while 6 became 

totally disequilibrated. While on the one hand the 24 normal F, 

individuals showed equal. clockwise and counter-clockwise after-nys- 

tagmus of normal duration, the six disequilibrated F, individuals 

showed a decided twist of the head to the right and a concomitant 

reduction in after-nystagmus from a counter-clockwise unit stimulus, 

but a normal response from a clockwise stimulus—+.e., 4 seconds and 

9.2 seconds, respectively. It is noteworthy that the shorter reaction 

time corresponded to the type of rotation in the ascendants. Both 

the normal and the disequilibrated F, individuals were mated to give 

F, progeny. From the normal F,, mated inter se, 56 normal and 4 
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disequilibrated F, were born, showing the same differential in reac- 

tion-time and twist of head which characterized these groups in the 

F,. From the disequilibrated F,, mated inter se, 3 normal and 7 

disequilibrated F,, offspring were derived with the same specific dif- 

ferences again distinguishing the two groups. Numerous other simi- 

lar pedigrees could be described. Two additional facts stand out: 

(1) a high mortality rate throughout these experiments, and (2) 

frequent pathological sequelz such as swellings and discharges from 

the bulla in the case of the disequilibrated subjects. — 

Three courses lie open to us: either to accept the implications of 

inheritance of acquired characters at their face value, or to admit the 

obscurity of a causal nexus between the observed results and the 

known causes, or to attempt a solution consistent with prevailing 

views, if possible. The last course, at least for the present, seems 

preferable. For this reason, I have undertaken to repeat Griffith’s 

experiments on long-continued rotation, but with certain modifica- 

tions. The facts accumulated suggest the more promising lines of 

future investigation. The association of pathological conditions with 

disequilibration raises the question whether Griffith has not merely 

presented us with numerous specimens of some vestibular disease or 

labyrinthitis. Perhaps the constant stimulation has broken down the 

labyrinth in part and led to a subsequent pathogenic invasion. Or 

possibly sheer centrifugal force has tended to drive infection from 

the nasal passages through one Eustachian tube and thus give the 

appearance of a specific unilateral disturbance completely correlated 

with the type of rotation. We must at least meet these suggestions 

and possibilities. It is even conceivable that a labyrinthitis, once 

established, might be passed to the progeny in two senses: (1) by 

direct contact, and (2) because less resistant offspring might be ex- 

pected from infected parents. However, it is difficult to compromise 

this hypothesis with Griffith’s contention of specificity. While it is 

easy to conceive that the direct result of rotation might well lead to 

a specific infection, it is nevertheless difficult to understand how 

specificity might be maintained in the offspring if a pathological con- 

dition is primarily all that is involved. 

To obtain more light, I have sought for spontaneous cases of 
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labyrinthitis or vestibular disturbance among unrotated stocks, and 

through the kindness of my colleagues have collected twenty-two such 

cases (commonly called “ mastoid” cases) up to date. Twenty of 

these have been tested for equilibratory response. Of these, twelve 

showed a right twist of the head and eight a left twist. The results 

of 423 cyclostat tests (see Table I.) to ascertain after-nystagmus in 

such specimens gave the following results: 

(1) Those cases showing a right twist of the head gave a much 

shorter response to the counter-clockwise unit stimulus; for the aver-. 

age (5.83 + 0.07 seconds) is about half as long as that for the clock- 

wise (10.50 + 0.16 seconds). 

(2) Those cases showing a left twist of the head gave a much 

shorter response to the clockwise unit stimulus; for the average 

(6.40 + 0.09 seconds) is about half as long as that for counter-clock- 

wise (11.14 + .014 seconds). 

(3) These reactions in the cases of labyrinthine disturbance with- 

out rotation resemble Griffith’s disequilibrated subjects both quali- 

tatively and quantitatively. 

The sheer distribution of reaction-times does not do entire justice 

to the materials; for, as stated, a series of cyclostat tests on a given 

day may differ by several seconds from a series taken at some other 

day on the same animal. Perhaps a preferable method of showing 

the asymmetrical nature of nystagmic response in these labyrinthine 

cases would be to show the differences which exist between average 

clockwise and counter-clockwise after-nystagmus when both sorts of 

tests are given under the same conditions at approximately the same 

time. Table II. shows the distribution of such differences. In con- 

structing Table II., the average of each series of four to six clock- 

wise tests on a given animal with a left twist of head was subtracted 

from the average of a similar series of counter-clockwise tests, when 

such tests were made within a few minutes of each other. This dif- 
ference has always been positive in our cases up to the present time. 

These differences were seriated in the first row of Table II]. The 

labyrinthine cases with a right twist of the head were similarly treated, 

but in this case the average for counter-clockwise tests was subtracted 

from the clockwise, and these differences were seriated in the second 
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row Of Table II. The essential similarity between my pathological 
_ labyrinthine cases and Griffith’s disequilibrated rats indicates that 

_ fotation had induced numerous cases of labyrinthitis in his rotated 
subjects. 

TABLE IL 

Tue DirreRENcES BETWEEN AVERAGES OF SERIES oF CLOCKWISE AND COUNTER- 

CLOCKWISE AFTER-NYSTAGMUS IN “ Mastomw” Cases (see Text). 

Difference (in Seconds) 

Position of Head 
| 1 i} \ | Total 

1.5 | 2-5 | 3-5 | 4-5| 5-5 |6-5|7-5|8-5 9.5 10.5 11.5 
. | | | i | 

OS ee eee 2/4/3/3 4)3| | eae 
MME EEE. 0 ooo. cookies ee 2/r/3|4|4|3|1 | | set 

Now, while rotation may have induced a pathological condition 

of the labyrinth, we must confess at the outset that this simple state- 

ment does not yet satisfactorily answer all phases of the problem, for 

there are outstanding differences between those cases of disequilibra- 

tion following rotation and my collection of “ mastoid” cases. The 

ordinary mastoid case as I have found it in rats is an old-age condi- 

tion, and the average age of rats showing this condition is well over 

a year. In Griffith’s cases the disturbance frequently showed itself 

at the age of three to six months. In the colony at The Wistar Insti- 

tute the mastoid case is rather uncommon, for even with rigorous 

search we have found only 22 cases out of about six thousand indi- 

viduals. The labyrinthine disturbance which Griffith found follow- 

ing rotation was far more frequent than this. The severity of my 

mastoid cases was not as marked as in Griffith’s specimens, for only 

one of my 22 cases showed an exudation or discharge from the bulla, 

while this condition was not uncommon in Griffith’s cases. And 

finally the whole question of any specificity which would relate the 

nature of the disturbance in the progeny to the type of ancestral 

rotation still remains quite open. There are apparently some marked 

differences between Griffith’s disequilibrated subjects and my mastoid 

cases, and concerning these differences we must obtain more infor- 

mation. 

The otologists are quite agreed that constant rotation in itself 

does nothing after initiating the first symptoms of rotational nys- 



300 THE INHERITANCE OF ACQUIRED CHARACTERS. 

tagmus, unless there is a centrifugal effect. In my own experiments 

on rotation, which began as a second and independent series on the 

middle of last December, I have therefore employed a different 

method, namely, a constant starting and stopping. All of my cages 

rotate at 90 r.p.m. for a minute and stop for a minute. This con- 

stant intermittent rotation has been kept up day and night, week in 

and week out. We have in this method the continual application of 

a stimulus with its compensatory response, and in addition the centri- 

fugal action during alternate minutes of rotation. The results up to 

date show a gradual diminution and in some cases what appears to 

be a total loss of nystagmic response. Not only is there a loss of 

response for the specific after-nystagmus related to the specific direc- 

tion of rotation, but there is a transfer such that response is modified 

for either clockwise or counter-clockwise stimulus. When indi- 

viduals are removed from the rotating nest the effects of habituation 

persist for a long time, perhaps months. 

It is too early as yet in my own independent series to predict 

whether the unrotated offspring will also show a modified response. 

One disequilibrated subject among those directly treated has appeared 

and its disequilibration corresponds to its former treatment, for it 

shows a right twist of the head and a shorter counter-clockwise after- 

nystagmus. 

' I am not inclined to expatiate on the insufficiencies of the Weis- 

mannian hypothesis. Weismann himself admitted these and sought 

to bolster up his theory by subsidiary hypotheses of doubtful tena- 

bility. The problem of the production and inheritance of adaptive 
response is still open and the application of experimental methods to 

these problems is justifiable. 

THE Wistar INSTITUTE 
oF BioLocy AND ANATOMY, 

PHILADELPHIA, Pa. 



MODIFICATIONS IN THE ALBINO RAT FOLLOWING 

' TREATMENT WITH ALCOHOL FUMES AND X-RAYS; 

AND THE PROBLEM OF THEIR INHERITANCE. 

By FRANK BLAIR HANSON. 

(Read April 21, 1923.) 

INTRODUCTION. 

The experiments described below deal with the effects of alcohol 

in four successive generations of treated rats, and with the effects of 

X-rays upon young rats treated in utero. The alcohol work has 

involved a total of 734 recorded rats, while 130 have been treated 

with rays. 

Following the experimental results is a short discussion of the 

bearing of this and other recent work on the problem of the in- 

heritance of acquired characters. 

EFFEcts oF ALCOHOL. 

Alcohol as a modifying agent of the germ cells has been employed 

by several workers. But the results of these various experiments, 

especially those of Stockard and Pearl, are by no means consistent, 

and much remains to be done on the alcohol problem. ; 

Two and a half years ago I began treating the albino rat with 

alcohol, using the 95 per cent. commercial variety. The method of 

administration was by inhalation of the fumes in an airtight fume 

tank. This method was devised by Stockard to obviate the bad effects 

on digestion following the introduction of alcohol directly into the 

stomach. All later workers have adopted this method of treatment 

and are greatly indebted to Stockard thereby. 

Controls—The four generations of rats, both treated and con- 

trols, are the descendants of a single pair of inbred rats, secured 

from the Wistar Institute, and known there as the Tyler strain. The 

Tyler strain itself originated a number of years ago from a single 

pair of rats. All matings throughout the experiment have been 
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PROC. AMER. PHIL. SOC., VOL. LXII, T, NOV. 27, 1923. 



302 THE INHERITANCE OF ACQUIRED CHARACTERS. — 

brother by sister within the litter, which means, when taken into con- 

sideration with the previous inbreeding of the Tyler strain, that the 

control and treated animals in this experiment are approaching homo- 

zygosity. 

Treatment.—The treatment, as stated above, was by the fume- 

tank method. The first generation of rats was treated from the age 

of 16 days until they were one year and 16 days old. Their de- 

scendants of the later generations were treated only until they were 

100 days of age. This covers the period of most rapid growth, and 

one of the objects of the experiment was the determination of the 

effects of alcohol upon the growth curve and the possible transmission 

of such effects. 

Body Weight——Careful measurements were taken every ten days 

of the body weight, body length, and tail length. Since there proved 

to be a high degree of correlation between body weight and body 

length, also between body weight and tail length, only the effects on 

body weight will be considered here.* 

In the first treated generation no observable differences can be 

detected between the controls and treated animals. They are, it will 

be recalled, full brothers and sisters. The mean body weight, stand- 

ard deviation, and coefficient of variation have been computed at ten- 

day intervals throughout the first year of life. The probable error of 

the difference between these constants is at every point in the curve 

greater than the difference. Hence it can not be said that the narcotic 

effects of the daily inhalation of alcohol fumes has had any effect 

upon the growth process of these animals. 

The rats of the second treated generation were the offspring of 

the treated of the first generation, the controls of this generation the 

offspring of the controls of the first. Hence the two groups were 

first cousins, but had a common pair of rats for their grandparents. 

In this generation, as in the first, the differences between the 

groups in body weight, body length, and tail length are entirely 

negligible. 

In the third generation the difference between treated and con- 

trols at 20 days of age, prior to the first treatment, was 6.01 times its 

1Full tables of the constants based upon these measurements will be ‘pub- 

lished at a later date. 
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probable error, a clearly significant difference. This wide departure 
of the two groups from each other was maintained throughout the 
period during which measurements were taken, and, indeed, increased 

with age, until the young adults represented a difference that was 

9.89 times the probable error of the difference. The reduction in 

body length and tail length corresponded closely to that of body 

weight. . 

The apparent results in this generation seemed to indicate that 

before treatment began at 20 days there was a significantly statistical 

difference between the two groups, and this might reasonably be 

assigned to the fact of the two alcoholic generations of ancestors be- 

hind one of the groups. That the differences between treated and 

controls increased consistently with age until the difference reached a 

maximum of nearly ten times its probable error might be, and was at 

the time, interpreted to mean that the animals of the third generation 

were responding to the treatment as those of the previous generations 

had not done. 

If the experiment had stopped here, the results would have been 

clear cut, with the conclusion drawn that three generations of alco- 

holism had had a marked effect upon body weight; and since the 

differences were evident before treatment of the third generation 

began, the inheritance effect would also have been well established. 

However, the results obtained in the fourth treated generation 

throw some doubt upon the foregoing, for by reference to Fig. 1 it 

will be seen that the treated side of this generation for the first half 

of its growth curve is “ back in the fold” with the first two genera- 

tions. Later there is, as the curves show, some response to the treat- 

ment and a consequent dropping off of the curve. 

The situation in the fourth generation suggests two possible ex- 

planations of the results obtained in the preceding one. 

One of these is that some entirely extraneous or somatic factor 

was at work and produced a marked deviation from the normal. 

That some such environmental factor was present and responsible for 

the results obtained I can not categorically deny. Neither can I 

imagine any such factor stealing into the experiment. The conditions 

of housing, feeding, etc., were improved upon from time to time, but 
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always affected controls and treated simultaneously and equally. 
Part of the time treated and controls were housed in alternate cages, 

and at all times in identical cages, in the same room, and given the 

same diet. So far as known the single differential between the two 

9 

140. Welght in grams 

_ 1004 

60 

20, 

Age in days 

20 60 100 

Fic. 1. Growth curves of control male rats for the first four generations 

of the experiment. The number at the top of each curve refers to the gen- - 

eration. 

groups has been the alcohol treatment. However, the view that the 

disturbing factor inthe third generation was something other than 

the alcohol is supported by the fact that the growth curve of the con- 

trols (Fig. 1) also drops off in the same general direction as the 

treated, but not to the same extent. 
The other possible explanation of the return of the fourth gen- 
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eration-is-that of germinal selection. Pearl found that after alcohol 

treatment his fowls produced offspring which were superior to a 

marked degree over those produced by the controls. He accounts 

for this as due to the elimination or killing off of all the inferior germ 

cells, leaving only the superior ones to produce the next generation. 

Bs 

Weight in grams 

140 - 

100 - 

60 J 

20 + 

Age in days 

20 60 100 

Fic. 2. Growth curves of treated male rats for the first four generations. 
Female growth curves approximately the same and omitted here. 

That germinal selection in fowls is a fact was demonstrated by 

Danforth in an alcohol experiment designed especially to test this 

point. A germinal selection is probably also in progress in this work. 
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This is evidenced by the fact that while in the early generations the 

amount of sterility was very great, at times endangering the continu- 

ance of the experiment, in the last two generations the fertility has 

been completely restored, and now equals, if not surpasses, that of 

the controls. 

Whatever the explanation of the third generation may turn out to 

be, it is valuable as indicating the necessity of long-continued work 

over a large number of generations before drawing conclusions. Ac- 

cording to present plans at least ten successive generations of rats 

will be treated in this experiment. 

Effects on the Sex Ratios——Pearl and Stockard in their published 

statements are in disagreement as to the effects of alcohol on the sex 

ratio; Pearl holding that in fowls there was no effect whatever, while 

Stockard maintained that in guinea pigs alcohol affects the sex ratio. 

He accounts for the sex ratio differences by assuming that the poison 

has a greater affinity or is more lethal in its effect on one type of 

sperm than on the other. 

Since the four generations of alcoholized rats showed no indica- 

tions whatever of any sex ratio effect as evidenced by the probable 

errors of the differences, this work strongly supported Pearl’s con- 

clusions. However, since Stockard did not reduce his data to bio- 

metrical constants with their probable errors, it occurred to me to do 

this in order to see just how great the effect upon his sex ratios had 

been. Selecting six classes or groups of guinea pigs as given in 

Stockard’s last paper, the computation of the sex ratio percentage of — 

each was made, together with the probable error of the difference. 

In five of these classes the probable error was greater than the differ- 

ence; in one the difference and its probable error were approximately 

equal; while all six classes added together showed a difference in sex 

ratio percentage of 1.74 + 2.46. 

The data of Stockard, Pearl, and Hanson taken together indicate 

strongly that severe and prolonged administration of alcohol does not 

have a differential effect upon male and female producing sperm. _ 
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EFFECTS OF X-RAYS. 

The majority of the 130 rats rayed were used in preliminary 

experiments in determining the amount of dosage necessary to pro- 

duce eye and other defects and at the same time not render the 

animals sterile. 

Thus the minimum lethal dose, the minimum sterility dose, the 

defect-producing dose, and similar constants have been worked out. 

Recently the dosage that would give eye defects and not at the 

same time render the animals incapable of producing young has been 

ascertained. 

Eye Defects—Several characteristic defects are produced in rats 

by X-rays, but in this paper only eye defects will be considered. 

These are the most interesting and spectacular defects, and they take 

several forms: In some the lenses, when dissected out, are found to 

be milky white. There are defects of the iris, the pupil is lacking, 

and again the whole eye is reduced to less than one half its normal 

size. One eye may be affected, the other entirely normal; both eyes 

may have the same defect, or each eye may show a different effect. 

Why eye defects? Is it more than a curious coincidence that 

Guyer with lens serum, Bagg with radium, Stockard with alcohol, 

Duerst with naphthaline, and Little and Hanson with X-rays are able 

to produce the same kind of eye defects? Is the lens serum a specific 

for eye defects? Guyer claims that it is. And so it seems to be 

when considered alone. But are these other chemical and physical 

agents that produce like effects also specifics? Or is there an alter- 

native explanation to specificity? 

A survey of this field of work shows that a very large preponder- 

ance of all defects produced are related to the central nervous system 

and its sense organs. This system in the mammals is the most com- 

plex of the systems, and therefore probably the most unstable as well. 

In evolution it represents the last great advance, and apparently 

becomes the first point of attack of any poisonous chemical (alcohol, 

serum), or physical agent (radium, X-rays). 

Therefore, it is suggested that the simplest and most obvious ex- 

planation at the present time of the frequent appearance of brain and 

eye defects seems to be that these are the first of a series of defects 
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which appear in the presence of any one of a number of chemical or 

physical modifying agents. 

Discussion. 
cc The precise question involved in the term “inheritance of ac- 

quired characters ” is sometimes not clearly perceived. 

The definition of our problem has been stated well by Thomson: 

Can a structural change in the body induced by some change in use 

or disuse, or by a change in surrounding influence, affect the germ 

cells in such a specific or representative way that the offspring will 

through its inheritance exhibit, even in a slight degree, the modifica- 

tion which the parent acquired ? 

Lamarckism by these terms appears to be a different sort of thing 

from that of changes produced in the germ cells along with changes 

in the body. Alcoholism through successive generations may poison 

both germ cells and soma cells. This, however, is not the inheritance 

of an acquired character, but more properly comes under the so-called 

“ parallel induction ” effects of Weismann. 

And this is the criticism commonly brought against a Lavunieelen 

interpretation of the work with serums, alcohol, X-rays, radium, and 

other chemical and physical modifying agents—that the resulting 

changes in germinal materials may also be interpreted as due to a 

process of parallel induction. That is, the same physical or chemical 

agent acting simultaneously on somatic and germinal substances pro- 

duces changes independently in each. 

However, the phenomenon of parallel induction has been held by 

some not to be different in essence, or at least in final result, from 

the operation of Lamarckian factors. 

Thus Castle holds that the demonstration of a permanent germinal 

change by environmental factors, e.g., high or low temperature, while 

not the inheritance of an acquired character, nevertheless is an argu- 

ment for evolution directly guided by the environment, which after 

all is the essence of Lamarckism. 

If this be true, then the recent work of Guyer, Stockard, Pearl, . 

Detlefsen, Little and Bagg, Hanson, and others, is favorable experi- 

mental evidence of the Lamarckian hypothesis. 

However, if it turns out that direct action upon the germ cells by 
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various modifying agents is one thing, and somatic modifications en- 

registering themselves upon the germ cells is another, then in the 

experiments above referred to no light is shed on the problem of the 

inheritance of acquired characteristics. 

In the newer work on the Endocrine system and the production 

of hormones we probably come nearest to the fulfillment of the 

Lamarckian conditions. “ Deeply-saturating modifications,” says 

Thomson, “ may influence the blood and other fluids of the body, or 

may alter the rhythm of metabolism so that the production of internal 

secretions is affected, and that these internal changes in the somatic 

environment may act as liberating stimuli on the germ plasm and 

provoke variations. Prolonged exercise, e.g., in dancing, may lead to 

an exaggerated production of muscle-forming substance; the myo- 

genic metabolism may be enhanced; this may spread through the 

body. . . . It is conceivable that it might affect the germ-plasm 

specifically.” 

It also has been suggested by Cunningham, Castle, and others, 

that a bodily effect might be impressed upon the germ cells by hor- 

mones liberated into the blood stream by the nuclear constituents of 

affected body cells. And Guyer has suggested that the degenerating 

eyes of his rabbits are themselves, directly or indirectly, originating 

anti-bodies in the blood serum of their bearers—which in turn affect 

the germ cells. One is intrigued with the possibilities inherent in 

these suggestions, but it is well to remind ourselves at the same time 

that they are only “a conceivable interpretation of what we do not 

know to be a fact.” 

Opposed to such an interpretation are a rather large number of 

experiments, among them the critical experiment of Castle and Phil- 

lips on ovarian transplantation in guinea pigs. They removed the 

ovaries of an albino guinea pig and substituted those of a black animal. 

This albino female carrying the “black” ovaries was mated to an 

albino male and produced three litters of black offspring. It is 

apparent that the egg cells of these “ black” ovaries had not changed 

in germinal constitution during the many months they were resident 

in the foster mother. My defective-eyed rats in the X-ray experi- 

ment did not liberate hormones into the blood stream which affected 
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the germ cells specifically; children and grandchildren of defective- 

eyed animals have all had normal eyes. 

Thus it appears that after all these years Lamarck’s theory is still 

in the “ pro” and “con” stage. (This symposium itself is witness 

to that fact.) Results of recent work have reopened the problem and 

new evidence bearing upon the question of the inheritance of acquired 

characters has been obtained. However, it should be pointed out that 

this evidence is not always clear cut. It is yet insufficient in amount; 

and most. of it is open to an alternative interpretation. 

The fundamental problem of evolution is the production of the 

new. ‘The cause of diversity is cur distant goal. Much of the work 

reported here today bears on this point; and in so far as it shows 

environmental factors affecting germinal changes it is related to the 

Lamarckian theory of evolution. 

DEPARTMENT OF ZOOLOGY, 

WASHINGTON UNIVERSITY. 



EXPERIMENTAL MODIFICATION OF THE GERM-PLASM 

AND ITS BEARING ON THE INHERITANCE 

OF ACQUIRED CHARACTERS. 

By CHARLES R. STOCKARD. 

During the past thirteen years a continuous experiment has been 

conducted in an attempt to affect the germ cells of mammals so as to 

definitely modify the generations to which they give rise. More than 

a hundred individuals have been treated and records are now avail- 

able from over 5,000 animals in the several generations studied. 

Pedigreed guinea pigs have been used which were originally ob- 

tained from eight different stocks. Every precaution has been taken 

to eliminate all differences between the control and the experimental 

animals except the experimental treatments. 

Before beginning the treatment all individuals are mated normally 

in order to test their fertility and the quality of offspring. They are 

then treated with the fumes of commercial 95 per cent. alcohol to the 

point of intoxication six days per week for various lengths of time. 

Several have been treated as long as six years, which is actually a 

long life for a guinea pig. Certain of the treated animals have lived 

to become more than seven years old, which, so far as we know, 1s 

the longest life span recorded for guinea pigs. The fumes are in- 

haled while the animals are confined in a treatment tank and all ill 

effects on digestion, which would accompany the administration of 

alcohol by stomach, is thus eliminated. When alcohol is adminis- 

tered by stomach to these animals their digestion is disturbed and 

conditions arise which complicate the experiment. 

The daily inhalation of alcohol fumes does not injure the health 

or activities or to any degree shorten the life of the treated guinea 

pig. The records of offspring and later descendants of such treated 

individuals are, however, distinctly different from the control records. 

Thus the alcohol affects the germ cells in some way in spite of the 

fact that no deleterious effect on the body or life of the treated indi- 

vidual is discernible. 

311 
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I shall first present the data which indicate that the germ cells of 

these treated animals have been affected or modified by the treatment, 

and then consider the nature of this modification and its bearing on 

the problem of the inheritance of acquired characters. 

If the treatments do actually affect both the male and female 

germ cells, then one of the simplest and clearest ways of detecting 

this should be by noting differences in the quality of offspring arising 

from alternate matings of one normal female with normal and treated 

males. A similar alternating experiment is made with normal males. 

Table I. gives such records from normal animals paired alternately 

with normal and alcoholic mates. 

TABLE I. 

ALTERNATE Matincs oF NorMAL ANIMALS WITH NORMAL AND 

AtcoHotic MarTEs. 

Matings of 35 Normal Males Matings of 44 Normal Females 
Alternately with Alternately with 

Normal Treated Normal Treated 

Females. Females. Males. Males, 

Number of Matings....... 81 81 id 8I 

Total offepring 3... eee. 196 185 195 182 
2.42 av. lit. | 2.28 av. lit. | 2.53 av. lit. | 2.25 av. lit. 

Failure to conceive........ ; 6 6 3 ae) 

7.90% 7.90% 3-89 % 12.34% 
Lived over 3 months....... I51 105 161 118 

77-03 % 56.64% 82.56% 64.83 % 
Died under 3 months...... 45 80 34 64 

22.96 % 43-35 To 17.45 % 35.16 % 
Defective. 6st stieaeteeas te) II te) 9 

5.95 % 4.97 % 

The first two columns show that when the same 35 normal male 

guinea pigs were mated 81 times with normal females and 81 times 

with alcoholic mates the records were widely divergent. The 196 

young born from the normal combination showed a mortality. during 

the first three months of less than 23 per cent. and none of these 
offspring were defective. (Guinea pigs are mature at about 3 months. 

old and animals that attain this age usually survive as adults.) Of 

185 young sired by the same normal fathers mated with alcoholic 
mothers, 56.6 per cent., or only a few more than half, lived to reach 
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maturity. The mortality here was about double that from normal 

mothers, being 43.3 per cent. as against 22.9 per cent. Eleven of 

these offspring, or almost 6 per cent. of them, were structurally de- 

fective, while none from the normal combination showed any such 

defects. 

The last two columns of Table I. contain still more striking data, 

since these show that the male germ cell or spermatozo6n is definitely 

affected by the treatment. In these columns we have the records 

from 44 normal females mated alternately with normal males and 

alcoholic males. The same normal mothers produced all the off- 

spring, but those recorded in the third column were sired by normal 

fathers, and those in the fourth column were sired by alcoholic 

fathers. The 77 normal matings produced 195 young and there were 

only 3 failures to conceive. Ejighty-one matings of the same females 

with alcoholic males gave only 182 young, and over 12 per cent. of 

these matings failed to result in conception. There was a mortality 

of 17.4 per cent. among the offspring of the normal matings, while 

the alcoholic fathers sired offspring that suffered a mortality twice as 

high, being 35.1 per cent. Nine of the offspring from alcoholic 

fathers were defective, but none from the normal sires. 

This difference between the records of offspring from the same 

normal individuals when paired with normal and alcoholic mates 

clearly demonstrates an injurious action of the experimental treat- 

ments on the germ cells of these mammals. We may further analyze 

very briefly in the following tables the results of these effects during 

later generations. 

In Table II. are given the records of animals occurring in the 

different generations of the alcoholic stock during the 10th, 11th, and 

12th years of the experiment. The experiment taken as a whole has 

always given substantially the same results. The first column con- 

tains data from the control or normal lines. These animals are of 

the same blood lines as the alcoholic stock—brothers and sisters and 

parents and offspring are in the two groups, and actually in some 

cases the same individuals have first been used in the control and 

later in the experimental groups. There can be no doubt that any 

original defect or weakness that may have been in the stock from 
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which the alcoholic animals were derived must also have been in the 

control stock, since the stocks are in all cases actually the same. All 

records in the present tables are of pedigree animals from thoroughly 

known blood lines and relationships. There is no inbreeding in either 

the control or alcoholic lines. It is as certain as experimental evi- 

dence of this kind can be that any differences between the records of 

the control and the treated groups must be attributed to the action of 

the alcohol treatment, since this is the only element of difference 

existing in the life histories or experiences of the two groups of 

guinea pigs. 

The records for the control show that the stock is strong and well. 

The average litter of young is about three, and the average litter 

weight is 188.85 grams at birth. The data from 506 control indi- 

viduals show a total mortality before reaching maturity of only 22.72 

_-per cent. One familiar with breeding guinea pigs will recognize this 

as a very good record, far better than usual. In the last two lines at 

the bottom of the table the total mortality has been divided into pre- 

natal and post-natal deaths. The absorbed embryos, premature births 

or abortions, and stillborn young make up 53.91 per cent., or about 

half of the total mortality for the control column. The post-natal 

mortality, under three months of age, was 46 per cent. of the total. 

This almost equal division of pre-natal and early post-natal mortality 

is the normal expectation for these animals. But column 2 of the 

table shows that in the alcoholic generations the pre-natal is double 

_ the post-natal mortality, and among the F, animals in the third column 

the pre-natal mortality is more than two and a half times greater than 

the post-natal. The enormous increase of pre-natal as contrasted 

with post-natal mortality indicates that the less resistant germ cells 

of the treated animals are so injured that the zygotes arising from 

- them succumb at a very early stage of life instead of surviving until 

after birth. 

Table II. shows the size of litter in which the individuals occur. 

This is important, since animals born in large litters are at a dis- 

advantage as compared with those born in small litters. The control 

section, for example, indicates that animals born in litters of two have 

a total mortality of only 17.5 per cent., while those born in litters of 
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four suffer a mortality almost twice as high, or 33.3 per cent. The 

average litter size in the alcoholic groups is smaller than among the 

control. This fact actually benefits their records and the mortality 

readings are corrected for the differences in litter size in the total 

mortality line of the table. 

Considering the successive generations it is seen that the offspring 

from directly treated parents present the poorest record of all. Al- 

most 43 per cent. of their young are lost before maturity, and actually 

70.3 per cent. of these are either absorbed as early embryos, aborted 

prematurely, or are stillborn. When these F, animals occur in small 

litters their chances for survival are greatly improved, so that of 

those occurring two in a litter only 28.5 per cent. died, but of those 

in litters of four 73 per cent. died. This fact conveys an idea of the 

great advantage possessed by members of the small litters. These are 

actually partial litters, the hardy survivors of an originally larger 

litter. When the records of the F, animals are corrected for litter 

size their mortality is about double that of the control. 

Many of these F, animals are defective and many are sterile; thus 

only the best of them are available to give rise to the following gen- 

erations. Yet in spite of this partial elimination of the defectives 

enough effect has been produced by the alcohol treatment on some 

germ cells to cause the grandchildren to show an unfavorable record. 

When the records of the 747 animals in the fourth column are com- 

pared with the control column, the influence of the alcohol treatment 

is seen to be transmitted by the F, generation, although they had not 

been directly treated. The grandchildren of treated grandparents, the 

F, group, show a typical record closely comparable with that of the 

offspring from directly treated animals. The pre-natal mortality is 

here almost twice as high as the post-natal, and the total mortality is 

64 per cent. greater than among the control. 

Again, among the F, animals there are defective and sterile speci- 

mens. Thus anothet individual elimination and selection occurs in 

this generation and only the most vigorous individuals of the group 

are left to breed. These more vigorous specimens are in many cases 

mated with normal stock, so that the records of animals descended 

from treated great-grandparents are somewhat improved, yet the litter 
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size is small and the mortality record for 287 such animals is 40 per 

cent. higher than among the control. 

Finally, the constant elimination of the defective individuals 

through three generations and the matings with normal stock give 

animals descended from alcoholized great-great-grandparents which 

are superior in their records to the normal control animals. They 

are born in smaller litters than the control, but even when this is taken 

into account their mortality is actually only 64 per cent. of that of the 

control animals. Such animals actually have a total mortality before 

the age of maturity of only 13.5 per cent. 

The fact that the F, animals from alcoholic ancestry are superior 

in record to the control is a point of actual significance. There can 

be no doubt that the offspring from treated parents are decidedly 

inferior as compared with the control; and further, that their off- 

spring, or the progeny from treated grandparents, are also evidently 

inferior, but during these generations an individual selection is taking 

place through the elimination from the race of the defective and 

sterile specimens. ‘This selection finally brings out a group of un- 

usually strong specimens from which all the weaklings have been 

eliminated, and although they are possibly not quite so productive as 

the control, their offspring show a record superior in vitality. 

Should one desire to apply these experimental results to the human 

alcohol problem, it might be claimed that some such elimination of 

unfit individuals had benefited the races of Europe, since all of the 

dominant races have a definitely alcoholic history, and the excessive 

use of alcohol was decidedly more general three or four generations 

ago than it is today. That is, certain families that were alcoholic 

three generations ago have not been excessively so in the more recent 

generations. 

Further evidence of significant importance regarding this selective 

action and the elimination of defective individuals is contained in 

Table III. This table was arranged to determine whether the alco- 

holic treatment of only male ancestors was as injurious to the off- 

spring as the treatment of female ancestors. 

The first three columns show the records of offspring from di- 

rectly alcoholized parents. In the first column, when only the father 

PROC. AMER, PHIL. SOC., VOL. LXII, U, NOV. 27, 1923. 
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was treated, the average litter was small, the total mortality was 71 

per cent. higher than normal, and the pre-natal deaths were almost 

two and one third times greater than the early post-natal. mortality. 

The entire reaction is typical of the alcoholic line. 

In the second column, where only the mothers were treated, the 

records are considerably worse than the records from the treated 

fathers. The average size of the litters was somewhat larger than 

from the treated males, but the actual litter weight of these larger 

litters was less. The individuals from alcoholic mothers were small 

at birth. The mortality among these offspring was 50.61 per cent., 

or almost two and a half times higher than among the control. For 

comparison, if we call the mortality of control animals 100, then the 

mortality of the offspring from treated fathers is 171, and from 

treated mothers 243. 

The third column shows that the treatment of both parents does 

not greatly alter the results which would have followed if the mother 

alone had been treated. The total mortality is actually a little lower, 

but this is probably due to the small number of individuals recorded 

in this column. 

The last three columns give the records of 747 descendants of the 

survivors from the first three columns. These records indicate the 

degree of transmission of the induced defective conditions. They 

supply the most striking data pertaining to the selective action which 

took place in the first filial generation of the alcoholic race to eliminate 

the defective individuals. 

The records show the mortality to be highest among animals 

descended from treated males. And among such animals the pre- 

natal mortality is more than twice as great as the early post-natal 

mortality. 

Animals having only female ancestors that had been subjected to 

alcohol treatment show in the fifth column a lower mortality than 

those from treated male ancestors. Here the pre-natal and post-natal . 

mortalities are almost equal. At first sight it would seem as though 

the treatments had acted more severely on the male than on the female 

germ cells. None of the animals in the last three columns are the 

offspring of directly treated parents, so that all inferiority must be 
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attributed to the action of the treatment on the ancestral germ cells. 

The superior record in the female treated column is, however, no 

doubt due to the more rigorous elimination of defectives that occurred 

among the F, animals in column two. 

The last column shows that the group of animals recorded as 

descended from both treated male and female ancestors have also a 

bad record as compared with the control data shown in Table II. 

The results in this column are at first sight somewhat misleading, 
since they are better than those from only male ancestors treated and 

are worse than those from only female ancestors treated. But here 

again the elimination which took place in the first generation has 

ensured to some extent the quality of the survivors, and makes it 

improper to compare the partial results as an actual measure of the 
original effect induced. ; 

We may briefly compare the data in the two sets of columns to 

demonstrate the consequence of the severe elimination of affected 

individuals which is taking place in these experiments. In the first 

three columns the size of the litter was smallest from treated fathers, 

larger from treated mothers, and largest when both parents were 

treated. In the last three columns the litter size is exactly reversed; 

it is largest for those with male ancestors treated, smaller when female 

ancestors were treated, and smallest among animals with male and 

female ancestors treated. The mortality records show about the same 

relationship. Among the offspring of directly treated parents the 

mortality was lowest from treated fathers—171 against 100 as nor- 

mal; the mortality was very high from treated mothers—243 against 

the normal 100; and high when both parents were treated—213. The 

descendants from the treated males which had suffered the lowest 

mortality in the first generation subsequently show the highest mor- 

tality in later generations—188 against 132 for descendants of treated 

females, and 165 for the descendants from both treated males and 

females. This simply means that when the action of the treatment is 

severe on the first generation, as was the case when the mothers were 

treated and the highest mortality among offspring obtained, only the 

comparatively hardy individuals survive. Their descendants later 

show a superior record in comparison with the descendants from 
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treated-malés among which the eliminations in the first generation 

had not been so severe. Taking the mortality records of the first 

three columns and writing under them the records from the same 

lines in the last three columns, we find that when the mortality is high 

in the first generation it is low for subsequent generations, and vice 

versa : 

171 243 213 
188 132 165 
359 375 2. ae 

If the two numbers in the three sets of mortalities be added together, 

the sum in each case is about the same. 

When we consider the welfare of the race or stock rather than 

that of the individual it is found that the descendants of those groups 

of animals which suffered the highest mortalities and thus withstood 

the most rigorous elimination are superior in quality to the descendants 

from the groups less severely affected. This individual selection fur- 

nishes a great advantage to the later generations, as is shown by the 

superior quality of the F, group of guinea pigs in the Table II. 

From the standpoint of genetics, just how are such results to be 

interpreted? They certainly show that the germ cells of the treated 

guinea pigs were injured or changed. And this change in the germ 

cells gave rise to generations of individuals inferior in quality to the 

control. But also after several generations the individuals of these 

treated lines actually become superior to the control. This can only 

‘mean one of two things. Either, in the first place, the treatment only 

injured a portion of the germ cell population and was not severe 

enough to injure the most resistant germ cells, so that each generation 

of progeny are derived from a mixture of injured and uninjured cells. 

The uninjured ones were actually the best or most resistant germ cells 

of the original group. The second possibility is that the less resistant 

members of the germ cell population are injured and give rise to the 

inferior individuals of subsequent generations, while other germ cells 

are actually stimulated or benefited by the treatment, and these give 

rise to superior individuals. In any case the injured individuals are 

eliminated after several generations and the superior uninjured group 

remains. 
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It is also important from the genetic standpoint to consider the 

nature of the modifications which have been produced in the progeny 

by the treatment of the parental germ plasm. No one new character 

or mutation has been brought about and no single old character has 

fallen out. The treatment has not shown, so far as has been de- 

Fic. 1, A uterus opened to show a normally developing fcetus along with a 

small defective embryo which is being absorbed. 

tected, a specific action on any given gene within the chromatin of the 

germ cells. The action has been general, affecting more the consti- 

tution of the hereditary material as a whole and producing a sub-. 

normal condition which has lowered the quality of development and 

brought about slow arrested individuals. 

The defects and arrested conditions shown by the progeny of 
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alcoholic guinea-pigs are closely similar in kind to those produced in 
birds and lower vertebrates by directly modifying the rate of develop- 
ment of the egg. It seems as though the alcohol treatment had af- 
fected the chromatin of the germ cells in the guinea pigs so as to 

Fic. 2. Ventral views of the brains from guinea pigs of the alcoholic lines 

showing various conditions of maldeveloped eyes. 

render it incapable of giving rise to a normal zygote with a vigorous 

rate of development. There occur numerous defects of the central 

nervous system and the eyes are very commonly affected. Specimens 

occur with no eyes at all or with all degrees of defective eyes on 
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either one or both sides. Exactly the same eye conditions, involving 

either the retina or crystalline lens or both, are readily produced in 

other vertebrate embryos by the use of either physical or chemical 

agents which tend to alter the normal rate of development. Any 

modification in the rate of development due to unfavorable conditions 

is usually indicated by some structural defect of the eye. 

The eye conditions which Guyer has obtained by the treatment of 

rabbits with highly toxic lens antigens may be similar to the above 

eye reactions. If the reaction to the lens substances was specific, both 
lenses of the embryo should be affected and not only one as is often 

the case, and the degeneracy of the eye ball and retina would not be 

expected. | 

I am inclined to believe that any toxic stuff properly administered 

to the mammalian body may act upon the germ cells and injure them 

in a general way so that they may subsequently give rise to a low 

grade or arrested development and therefore to a defective individual. 

Such a general effect on the germ cell is a priori what would be ex- 

pected rather than that a particular substance should be so specific in 

its action as to select one or a few of the genes in any single chromo- 

some. One should think that quite a highly refined method would be 

necessary to selectively injure or affect an individual factor or gene. 

From the above results and considerations it is probably evident to 

the reader that these experiments do not furnish evidence of the 

inheritance of acquired characters. The alcohol treatments used do 

not injure or noticeably modify the structure or behavior of the 

treated animals. The weak and defective offspring and later de- 

scendants of alcoholic guinea pigs have no “ new character’ that was 

acquired by the parent as a result of the treatment. But while the 

parents lived long and well, their descendants showed a high early 

mortality and were structurally defective in many cases. 

On the other hand, these experiments seem to make it more diffi- 

cult to imagine how a character acquired during the life of the parent 

could act on the germ cells in so specific a way as to cause them to 

develop zygotes exhibiting this exact acquired modification. These 

experiments do show that the germ cells may be modified by a treat- 

ment administered to the parent, and these results have been con- 
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firmed by similar experiments on other animals, notably by Pearl 
with fowls and MacDowell with rats, but in none of the experiments 

is the exact condition attained by the treated parent transmitted to 

the progeny. While the treated animals have not been injured, or 

may have been benefited, their early descendants are often rendered 

less capable of survival and are frequently defective. 

CorNELL Univ. Mepicat ScHoot, 

New York Ciry. 

PROC. AMER. PHIL. SOC., VOL. LXII, V, JAN. 30, 1924. 



INFRA-RED SPECTRA. 

By H. M. RANDALL. 

Work in the infra-red region, as in other portions of the radiation 

spectrum, is subdivided, the different fields being characterized by 

the purposes sought by the workers in these fields. This work is 

primarily concerned with the near infra-red region, 1 to 7 », and the 

underlying idea is to develop experimental methods which will permit 

the measurement of infra-red line and band spectra with such accu- 

racy and completeness that the results may become integral parts of 

general spectroscopic data. 

The methods used in obtaining the emission spectra of elements 

are substantially those first used by Lewis and later developed by 

Paschen.? Characteristic radiations of substances are obtained from 

discharge tubes in the cases of gases and for solids from arcs into 

which the materials, metals or salts, are introduced, by placing them 

in the positive carbons in holes of suitable size. The advance made 

by Lewis and Paschen consisted primarily in the use of gratings to 

analyze this radiation, the spectra produced being passed over a linear 

thermopile by rotating the grating. The presence of lines was evi- 

denced by deflections of a galvanometer in series with the thermopile. 

The high dispersion obtainable from gratings so attenuates the con- 

tinuous spectrum upon which the line spectra are superposed that it 

is the source of very little trouble, while the lines are given the maxi- 

mum separation and therefore become more completely measurable. 

These two advantages are somewhat at the expense of the complete- 

ness of the results, since the detection and measurement of weak lines 

require the conservation of the energy to the greatest possible extent, 

while a grating through its production of multiple spectra dissipates 

this energy. Through improvements in the component parts of the 

detecting and registering systems, and particularly * by increasing the 

intensity of the emitting sources of radiation, very material gains 

1 Lewis, Astrophysical Journal, 2, pp. 1 and 106, 1895. 

2 Paschen, Ann. der Physik, 27, p. 537, 1908; 29, p. 625. 1909. 
8 Randall, Astrophysical Journal, 42, 195, 1915. 
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have been possible on the side of completeness. Thus, in a redeter- 

mination of the line spectra of Sr., now approaching completion, in 

the region between 10,000 and 30,000 A., lines whose intensity in 

terms of galvanometer deflections were in the first determination 10 

mm. are now 250 mm. This increase in energy has resulted in in- 

creasing the number of lines in this region by four or five fold. The 

thermopile will, however, always be at a great disadvantage when 

compared to the photographic plate as a means of detecting faint 

radiation, since it is not an integrating device. The accuracy obtain- 

able in these measurements justifies expressing the wave-lengths in 

numbers of five or six significant figures. This accuracy makes it 

possible to use these data in a determinative manner in common with 

that of the photographic regions. It serves to complete, therefore, 

the total emission spectrum extending from the extreme ultra-violet 

through the visible into the infra-red and accordingly plays much the - 

same part as the other portions of the spectrum in solving those 

problems for which spectroscopic data are particularly fitted. As 

these are well known, the major portion of this paper will concern 

itself with the more recent development of methods of determining 

the fine structure of the absorption bands of gases and the contribu- 

tions which these data make to the important problems of atomic and 

molecular structure. 

The writer’s interest in absorption spectra began with the publi- 

cation of the results of von Bahr‘ on the infra-red absorption bands 

of narrow bands was accounted for by the hypothesis that quantum 

effects were to be attributed to molecular rotations as well as to vibra- 

tions, the original Planck idea. Such effects had been used previously 

by Nernst to account for the temperature variation of the atomic 

heats of gases. The optical methods, however, promised to give 

more direct and definite data upon molecular and atomic structure 

provided the bands could be quite completely resolved into their fine 

structure and these narrow lines measured with an accuracy com- 

parable with that obtained for emission spectra in the same region. 

The experimental method which was adopted at this time has been 

used extensively. While the particular form the apparatus assumes 

varies somewhat with the available equipment, probably the most 

 4von Bahr, Verh. d. D. phys. Ges., 15, p. 1153, 1913. 
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satisfactory from the point of view of compactness is that which was 

adopted for the first work, that of Sleator® in a study of the struc- 

ture of the bands of water vapor. Reference to Fig. 1 shows this 
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arrangement. Complete radiation from a Nernst filament L is passed 

through an absorbing chamber which is generally located between 

M, and S, and the emergent radiation examined spectroscopically by 

the double spectrometer, a grating spectrometer S,M,GM,BT pre- 

5 Sleator, Astrophysical Journal, 48, 125, 1918. 
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ceded hy a prism spectrometer S,AM,PM,M.S,. The function of 

the prism spectrometer is to present to the slit of the grating spec- 

trometer, S,, that portion only of the spectrum which is under exam- 

ination, thus preventing overlapping spectra of higher orders. The 

small angle of the prism, P, produces only such dispersion as is 

necessary to prevent this overlapping. Thus if the region at 3.4» is 

under examination, the prism is rotated till a portion of this region 

is upon the slit S,. When this has been analyzed by the grating 

spectrometer a slight rotation of P presents a further portion of the 

region for examination. Gratings of different constants are em- 

_ ployed to give maximum resolution for the particular band under 

examination. Thus gratings having 20,000 lines per inch are used 

upon bands lying below 2y. This gives a spectral range of about 

9 A. upon the thermopile slit. For bands below 3» a grating having 

15,000 lines per inch can be used. This gives a spectral range upon 

the thermopile slit of about 15 A. units. Bands lying at longer wave- 

lengths require coarser gratings with a resulting greater spectral 

range upon the thermopile slit. Barker has ruled several echelette 

gratings which are very successful in conserving the energy in the 

regions of the bands investigated. They have contributed materially 

to the progress of the work. 

The effectiveness of this method which uses the maximum reso- 

lutions which a series of graded gratings can give will be euxlenged 

by the results which follow. 

Fig. 2 gives a fairly complete historical development of the HCl 

band at 3.4 and shows the manner in which the structure of the 

band appears when the spectral range covering the slit is decreased 

by decreasing the slit width and increasing the dispersion of the opti- 

cal systems used. Angstrom and Palmer® with a spectral range of 

4,000 A. upon the slit recorded the band as a single broad band, while 

Burmeister * with one tenth this spectral range upon the slit resolved 

the band into a doublet. Von Bahr by decreasing this range to 100 A. 

showed unmistakably the fine structure of each component of the 

doublet. A further decrease to 70 A. (approx.) resulted in the very 

evident resolution obtained by Brinsmade and Kemble.® 

6 Angstrém and Palmer, Ofv. af Kongl. Vet.-Akad. Fork, p. 389, 1893. 

7 Burmeister, Verh. d. D. phys. Ges., 15, p. 589, 1913. 

8 Brinsmade and Kemble, Proc. Nat. Acad. Sci., 3, p. 420, 1917. 
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All of the results so far were obtained with prism spectrometers. — 

Imes in his thesis ® on the fine structure of the bands of the halogen 

acids, following Sleator’s work on water vapor, first used the double 

spectrometer in the study of this HCl band. With a grating having 

7,500 lines per inch the spectral width of the thermopile slit was 

reduced to 29 A. The lines were again more definitely resolved and 

the first evidences of a faint series found between the lines at the 
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extreme left. Colby, Meyer and Bronk,’® using the same method and 

dispersion, but heating the absorbing gas till the chamber walls were 

at a low red heat, extended the number of observable lines at both 

ends till a total of 39 lines altogether had been measured. In this 
last work a new series is unmistakably shown by five faint lines at 

the left. 

® Randall and Imes, Proc. Amer. Phys. Soc., Nov., 1919. Imes, Astrophysi- 

cal Journal, 50, 251, 1919, 

10 Colby, Meyer and Bronk, Astrophysical Journal, 57, p. 7, 1923. Colby and. 

Meyer, Astrophysical Journal, 53, p. 300, 1921. Randall, Colby and Paton, 

Phys. Rev., p. 541, 1920. 
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The-advantages of the method are not only in the greater resolu- 

tion resulting from the high dispersion obtainable from gratings, but 

also in a corresponding increase in the accuracy of measurement of 

the wave-lengths of the individual lines. The results of Imes and of 

Colby, Meyer and Bronk are accurate to the fifth significant figure. 

The positions of these lines can be expressed with great exactness 

by the following formula: v= 28860.7 + 205.9831n — 3.01022n? 

— 0.02056583n'. The differences between the values of the wave- 

lengths computed by this formula and those directly observed is, on 

the average, about 2A. units. 

While the researches thus briefly outlined have been primarily 

experimental, they have all been undertaken on account of the prom- 

ise they offered of giving very definite and exact information of the 

structure of the molecular systems taking part in the absorption. 

Accordingly a brief account of the theoretical results directly founded 

upon the data of these researches or confirmed by them will be in 

place. Band spectra are now quite generally attributed to the mole- 

cules of the radiating or absorbing gas. The great success of the 

Bohr atom in accounting for line spectra requires the application of 

the same ideas to molecular radiation. Accordingly the molecules are 

supposed to exist in a number of stationary states during which they 

neither absorb or radiate energy. When there is a transition from 

one stationary state to another the radiation, emitted or absorbed, has 

a frequency proportional to the amount of energy liberated or ab- 

sorbed during the transition—that is, W,—W,—hwv. In the case 

of molecules three kinds of transitions are possible, one electronic and 

two atomic. The electronic transition occurs in the molecule as in 

the atom when an electron shifts from one of its possible orbits to 

another. 

The two types of atomic transitions are due to the fact that the 

molecule may store energy both by the vibrations which may exist 

between its component atoms and by its rotation about one or more 

axes. For the molecule to exist in a series of stationary states, there- 

fore, it is necessary to assume not only that the electrons must be 

limited to certain’ permissible orbits, but that only certain amplitudes 

of vibration and certain states of rotation are permissible. 
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Transitions may occur in any one of these three components 

which determine the stationary states of the molecule, in any two of 

them simultaneously, or in all three. Of the three transitions, the 

electronic transitions would involve the greatest energy changes, the 

changes in vibrational states the next, and the changes in rotational 

states the least. Transitions involving large energy changes might 

carry with them transitions of one or more of the other kinds involv- 

ing smaller energy changes. Thus electronic transitions might be 

accompanied by both vibrational and rotational transitions, while 

vibrational transitions might be accompanied by rotational. If simul- 

taneous transitions occurred, they would not necessarily be all in the 

same direction; certain transitions could release energy while others 

were absorbing energy. Molecules in different stationary states may 

to a certain extent be regarded as different molecules, since the physi- 

cal constants which define the molecule vary from state to state. 

This would result in the energy changes accompanying any particular 

transition being different in amount in molecules which were in dif- 

ferent states with respect to the other two possible transitions. Thus 

the same electronic transition releases slightly different amounts of 

_ energy depending upon the particular vibrational and rotational states 

in which the molecule finds itself at the time of the electronic transi- 

tion. These coupling effects are useful in accounting for some of 

the characteristics of the band spectra. It is evident that these three 

types of transitions offer, through their possible combinations together 

with the coupling effects, great opportunities for explaining even so 

complicated spectra as band spectra. 

The bands found in the photographic regions, the ultra-violet and 

visible, have been very fully accounted for in some cases as resulting 

from all three transitions occurring simultaneously. The bands in 

the near infra-red, however, appear to be due to the two atomic tran- 

sitions alone. The situation here is accordingly somewhat simpler, 

and if these bands cari be quite completely resolved and accurately 

measured, their study presents decided advantages. It will best serve 

the purpose of this paper to use as illustration those spectra which 

show the characteristic properties of these bands most perfectly. 

Such are the spectra of the Halogen hydrides and methane. 
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Of these the bands of HCl gas have been most completely ana- 

lyzed. These bands are shown in Fig. 3, the narrow components 

being replaced by straight lines for convenience, the length of the 

lines indicating roughly the intensities. In both these systems the 

following characteristics are evident: (a) There is a region in the 

midst of the band in which a line is wanting. (b) The lines may be 

grouped in pairs about this region as +1, +2, etc. (c) The lines 

are very regularly spaced, but lie more closely together as the short 
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wave-length of this band is approached. (d) In the “ Fundamental ” 

there is a faint series shown by dotted lines in the long wave-length 

end of the band. (e¢) In the “ Harmonic” there is a faint series 

superposed upon a strong series. (f) The number of lines on each 

side of the mid-region is increased by increasing the temperature of 

the gas. 

This paper will attempt to show in a qualitative way only how 

these characteristics may be accounted for by using ideas developed 

largely to account for the characteristics of atomic radiation as shown 

by line spectra. As the near infra-red bands are supposed to be due 
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to the two types of atomic transition only, it will not be necessary to 

take account of electronic transitions. 

The two atoms of the HCl molecule vibrate with respect to each 

other along the line connecting them. The Sommerfeld formulation 

of the quantum hypothesis states that {pdq—= nh where p is the im- 

pulse codrdinate and q the space coordinate. In the case of vibra- 

tional energy this leads to expressions for En, n being any positive 

integer. 

These quantities are represented graphically by the long lines, V, 

in the lower part of Fig. 3. The line with the subscript, 0, represents 

the vibrational state, zero. The molecules in this state are not vibrat- 

ing. The line with subscript 1 represents the vibrational state 1 

where the atoms vibrate with the smallest of the permissible ampli- 

tudes and possess the minimum amount of vibrational energy, etc. 

The molecules rotate about axes through their centers of mass 

normal to the lines connecting the atoms as will be shown later. 

Sommerfeld’s formulation /pdq = mh leads to the expression 

h? 

En =m? 
82° 

for the permissible energies of rotation, m being any positive integer 

and J the moment of inertia of the molecule about its axis of rota- 

tion. The energies associated with each of these permitted states of 

rotation may be represented in a way similar to that used for the 

vibrational states. Since the energy involved in rotational transitions 

is small in comparison with that of the vibrational transitions, the 

lines representing the rotational states are much closer together, in 

fact can not be represented on the same scale as the other type of 

transitions if the positions are to be separated. Moreover, the per- 

mitted rotational states call for energies which vary as the square of 

the number of their state or m?. Since the molecule may rotate in 

any of its possible modes of rotation when vibrating in any of its 

possible vibrational states, these rotational energy levels are associated 

with each vibrational level. In the figure they are shown by the 

short lines, R, at the top. These energy levels represent every pos- 

sible state of the HCl molecule, and all the absorption lines, as well 
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as the characteristics of their grouping, are to be accounted for by 

transitions between these states. 

Limitations similar to those imposed upon transitions between 

stationary states in atoms are to be imposed upon the transitions 

which can occur between the molecular stationary states. All possible 

vibrational changes are found to occur which indicates that the vibra- 

tions of the atoms in the HCI molecule are not S.H.M. Only those 

rotational changes occur which step the rotational state up or down 

one level from the original rotational state. (This is Bohr’s cor- 

respondence principle applied to molecular radiation.) There are 

a number of reasons for supposing that HCI gas in its normal condi- 

tion has no vibrational energy—that is, its molecules are all in the 0 

state vibrationally. They may, however, be in any rotational state. 

Accordingly the first group of levels represents the normal state of 

HCI gas, where the possible rotational states should not be limited to 

4, but should run on to much higher numbers; 20 have been observed. 

When complete radiation is passed through a column of HCI gas 

certain molecules absorb radiation and pass out of their initial sta- 

tionary states, represented by various levels of the first group into 

levels of some higher group, subject to the limitation that the rota- 

tional level may go up or down one step only. When the energy 

absorbed changes the molecule from one F level to another FR level 

in the VY, group the Bohr relation W,—W,—hV gives as the ab- 

sorbed radiation frequencies in the far infra-red region, since W, 

—W, is a small quantity. Such transitions result in the rotation 

spectra of Rubens. 

On the other hand, all those molecules in vibrational state 0 and 

rotational state 1 which absorb enough energy to lift them to the 

group associated with vibrational state 1 will move up 1 rotational 

state to state 2 or down 1 rotational state to state 0. If these rota- 

tional transitions be assumed equally probable, then equal numbers 

of molecules will have passed from a common initial state to two 

final states, differing by the small amount of energy corresponding to 

a change from 0 state rotationally to state 2. Since here there have 

been two slightly different energy changes involving equal numbers 

of molecules, there will be radiation of two slightly different fre- 

“ 
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quencies absorbed; these are taken to represent the first absorption 

lines -++1 on each side of the center of the band. In a similar way 

some of the molecules in state 0 vibrationally and state 2 rotationally 

will absorb energy and pass to state 1 vibrationally and to either state 

3 or 1 rotationally, giving rise to the second lines +2 to the right and : 

left of the center. Thus all of the lines of the band at 3.4 » may be 
accounted for. As there are 20 such pairs observed, there must have 

been molecules in such numbers in the 0 state vibrationally and 20 

rotational states in the normal gas as to give measurable results. 

Should some of the molecules in the normal condition absorb suffi- 

cient energy to pass to state 2 vibrationally, there would be a second 

band composed of pairs of lines situated in a similar manner about 

acenter. Since the frequency of the radiation is proportional to the 

energy involved in the transition and the energy absorbed for a tran- 

sition to state 2 vibrationally is about double that to state 1, the 

frequency of this second band system will be about double that of | 

the first. This is the ‘‘ Harmonic” shown above. 

In measuring this band Imes used a grating with 20,000 lines per 

inch, which gave a spectral range on the thermopile slit of 9 A. As 

the diagram of this band shows, each line appears as a doublet. The 

interpretation is that the Cl atom is isotopic. 

The vibrational energy is a function of the masses of the vibrat- 

ing atoms. The computed differences of the frequencies of the 

lines due to Cl atoms of atomic weights 35 and 37 agree with the 

differences between the observed lines within experimental error. 

As this method of detecting isotopes differs entirely from the positive 

ray method of Thomson and Aston, it is highly desirable to develop 

it further. As the separation between adjacent lines of a band varies 

inversely as the moment of inertia of the rotating molecule, it is 

evident that favorable results may be hoped for in those cases only 

where the isotopic atom forms a molecule of small moment of inertia 

with some light atom, preferably hydrogen. As there are several 

isotopic atoms which unite with hydrogen under proper conditions of 

pressure and temperature, this problem presents interesting possi- 

bilities. 

When HCl gas is heated 600 or 700 degrees apparently the mole- 
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cular energy is-increased sufficiently to have a considerable number 

of molecules in state 1 vibrationally. With the passage of radiation 

some of these molecules absorb enough energy to pass to state 2 

vibrationally and there will be a band system of the same order of 

frequencies as the first, since the energy of transition from state 1 to 

state 2 is nearly the same as from 0 to 1. This system is weak, since 

the number of molecules involved is relatively small. It is repre- 

sented by the five dotted lines in the left end of the fundamental. 

A second effect of high temperature is to increase the number of 

molecules having relatively large energies of rotation. There is 

accordingly an increased intensity of the lines due to transitions 

between states involving relatively large rotational energies. This is 

sufficient to permit the extension of Imes original 12 pairs to the 

20 pairs of Colby and Meyer. 

The crowding of the lines as the short wave-length end of the 

band is approached has its explanation in the coupling which exists 

between the vibrational and rotational states. The molecular con- 

stants differ slightly with the particular states of vibration and rota- 

tion. The energy absorbed in the transition between the vibrational 

states 0 to 1 is progressively less, as the accompanying rotational 

transitions are those between the states of higher energy content 

which are characterized by the larger values of m. Thus less energy 

is required to change the molecule from vibrational state 0 to state 1 

when the molecule is in rotational state 5 initially than if it is in 

rotational state 4 initially. This means that the pair of lines resulting 

when 5 is the initial rotational state is displaced slightly to the long 

wave-length side of the band with respect to the pair resulting when 

4 is the initial rotational state. Were this effect not present the pairs 

would all be symmetrically situated about the central region of the 

band. As it is, the effect increases progressively with increase in m, 

and there is a very distinct tendency of the lines to come to a head 

on the short wave-length side of the band. 

The central region of double the spacing between adjacent lines 

could contain the line due to the vibrational transition 0 to 1 com- 

bined with the rotational transition 0 to 1. Its absence is ascribed to 

the fact that the O rotational state does not exist, or if it does its 
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time of duration is too short to be productive of absorption. There 

are reasons why this point of view is not satisfactory. 

The band at 3.31 due to methane ** is shown in Fig. 4. It con- 

tains 20 pairs and is similar in its characteristics to the HCl funda- 

mental except at the central region. With methane this region is an 

absorption region instead of a region of high transmission as in HCl. 

The assumption made to account for this absorption is that the atomic 

vibrations within. the molecule have components parallel to the axis 

of rotation. This permits vibrational transitions without accompany- 

ing rotational transitions. There is an absorption line, therefore, due 

to the vibrational transition 0 to 1 alone. Due to the coupling effect, 

however, the energy change involved in this transition varies slightly 

with the rotational state of the molecule. There is a line of this kind, 

therefore, for every group of molecules in the various stationary 

rotational states. As the properties of the molecule change but little 

ra ” ra » 

ABSORPTION — 

2) 

Fie. 4. 

~as the molecule assumes different rotational states, these lines have 

nearly the same frequencies and are not resolved. On this basis the 

axis of rotation of the HCl molecule is normal to the line of vibra- 

tions. 

Methane, unlike HCl, may have more than one characteristic vibra- 

tion frequency. Coblentz found bands at 7.7, 3.3, and 2.44. 

Cooley has also determined the fine structure of the band at 7.7 » and 

finds that it has the characteristics of the band at 3.34. There are 

thus apparently two characteristic frequencies of vibration in the 

methane molecule. There should therefore be an energy diagram for 

the methane molecule containing two sets of energy levels, each simi- — 

lar to that of HCl in Fig. 3. These two sets of energy levels are 

somewhat analogous to the sets of energy levels of atoms character- 

istic of the different series. Combinations involving transitions be- 

tween levels of the two sets may therefore be expected. The fine 

11 Cooley, Phys. Rev., No. 3, Vol. 21, p. 376. 
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_ structure of the band at 2.4 » is quite different from that of the bands 

at 3.3-and 7.7 », and its most prominent lines appear to be ac- 

counted for by such combinations between the two sets of energy 

levels. 

Half quantum numbers designating stationary rotational states of 

molecules are being used in discussions of band spectra. If it is 

considered that the electronic rotations within molecules possess a 

molecule which is quanticized is the angular momentum of the entire 

molecule resulting from both electronic and atomic rotations, it is 

evident that fractional quantum numbers to designate the stationary 

states of molecular rotations as distinguished from electronic rota- 

tions are necessary. For the lowest steady state it seems necessary 

to assign to the vector sum of the angular momenta of the various 

electronic rotations a magnitude of a 4% quantum and to the nuclear 

rotations a 4% quantum. Transitions occurring between stationary 

states of molecular rotation are always integral, so that these states 

are designated by the quantum numbers %, %4, %, etc. 

Work in infra-red bands contributes experimental evidence in 

favor of this conception. The two lines on either side of the central 

region, +1 and —1, result from the vibrational transitions 0 to 1 

combined with the rotational transitions 1 to 2 for the one of higher 

frequency and 1 to O for the one of lower frequency. No line is 

observed as due to the rotational transition 0 to 1, though one might 

well be expected. If % quantum of angular momentum is assigned 

to the lowest steady state of molecular rotation instead of a 0 quan- 

tum, then the two lines +1 and —1 are due to the rotational tran- 

sitions 14 to % and to % to %. The only rotational transition which 

would give a line between these two would be a transition 4% to —4% 

indicating a reversal in sign of the minimum angular velocity. Such 

a line is not to be expected. The absence of a line, then, between +1 

and —1 in all the bands of the halogen hydrides, and presumably 

also for methane, is evidence in favor of the 4% quantum number for 

indicating stationary rotational states. 

A second evidence is furnished by the results of applying strong 

electric fiields to the absorbing gds. Hettner has shown that rotating 

polar molecules would acquire precessional motions when in an elec- 

- 
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tric field. These effects are so nearly equal in adjacent stationary 

states that when transitions between these states occur the resulting 
effects, which are difference effects, are second order effects and are 

not observable. But with the line —1 of the HCl fundamental, 

which corresponds to the transition 1 to 0, these effects do not appear 

as difference effects, since the state 0 means zero angular momentum, 

and is a state therefore unaffected by the field. The entire effect of 

the field on the initial state 1, therefore, remains and results in re- 

solving this line in two components, both of which are so far displaced 

toward the long wave-length end of the band as to be readily ob- 

servable if the effect exists. 

Should, however, the lowest rotational state be characterized by 

a 4% quantum of angular momentum, then all the lines can only show 

difference effects and the phenomenon will be without the range of 

observation. There is thus apparently an opportunity here to test 

this question of integral and half quantum numbers. Barker has 

carried out this experimental work and finds no measurable shift of 
the line —1. His results confirm, therefore, the use of half quantum 

numbers.’? 

This descriptive treatment of the results of work on the fine 

structure of the near-infra-red absorption bands accounts for the 

most prominent features of the observed results. For a more rigor- 

ous treatment the original papers bearing upon this problem should 

be consulted. It can not be said, however, that the problem of the 

molecular structure of simple molecules has been solved in the sense 

that the problems of the hydrogen atom and ionized helium have been 
solved. Rather the situation is more analogous to that of the heavier 
atoms, where the solutions are qualitative rather than quantitative. 
The most definite results are the determinations of the moments of 
inertia from which it is possible in the case of the halogen hydrides 
to compute very accurately the distances separating the atoms. 

PuysicaL LABORATORY, 

UNIVERSITY OF MICHIGAN. 

12 Barker, Astrophysical Journal, Nov. or Dec. Number, 1923. 
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MINUTES. 

Stated Meeting, January 5, 1923. 

Wim B. Scort, Sc.D., LL.D., President, in the Chair. 

_ Dr. George W. Norris, a recently elected member, subscribed the 

Laws and was admitted into the Society. 

The decease was announced of Friedrich Delitzsch, Ph.D., at 

Langenschwalbach, Germany, on December 23, 1922, zt. 72. 

In commemoration of the Centenary of Louis Pasteur, Dr. Law- 

rence J. Henderson, of Harvard University, delivered an address on 

“The Life and Services of Louis Pasteur, a Member of this Society, 

1885-1895.” M. Burnet, Director of the Pasteur Laboratory at 

Tunis, made some interesting remarks. 

Stated Meeting, February 2, 1923. 

WituriaM B. Scott, Sc.D., LL.D., President, in the Chair. 

The decease was announced of Mr. Clarence S. Bement at Phila- 

delphia, on January 27, 1923, zt. 80. 

David H. Weinrich, Ph.D., of the University of Pennsylvania, 

read a paper entitled, “ Some Protozoan Parasites of Man and Mice,” 

which was discussed by President Scott and Dr. Weinrich. 

Stated Meeting, March 2, 1923. 

WituraM B. Scort, Sc.D., LL.D., President, in the Chair. 

The decease was announced of the following members : 

Edward Emerson Barnard, Sc.D., at Williams Bay, Wisconsin, 

on February 6, 1923, zt. 66. 

Hon. Charlemagne Tower, LL.D., at Philadelphia, on February 

24, 1923, zt. 74. 

Dr. Harlow Shapley, Director of Harvard College Observatory, 

read a paper entitled “ Stars in Science Progress,” which was dis- 

cussed by Professor Miller and Dr. Goodspeed. 

ili 
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Adjourned Stated Meeting, April 6, 1923. 

WittraM B. Scott, Sc.D., LL.D., President, in the Chair. 

The decease of the following members was announced: 

James Dewar, LL.D., at Cambridge, England, on March 27, 

1923, zt. 80. 

Edward W. Morley, A.M., LL.D., at West Hartford, Connecti- 

cut, February 24, 1923, zt. 85. 

Joannes Diderik van der Waals, Ph.D., at Amsterdam, Holland, 

on March 8, 1923, et. 85. 

The Committee on Nominations made its report. - 

Special Meeting, April 10, 1923. 

Wituram B. Scort, Sc.D., LL.D., President, in the Chair. 

Pursuant to the call of the President a Special Meeting was held 

for the award of the John Scott Medals and Premiums by the City 

of Philadelphia, through its Board of City Trusts, to the following: 

Sir Joseph John Thomson, O.M., F.R.S., Master of Trinity Col- 

lege, Cambridge, for his researches on the physics of the 

electron. 

Francis William Aston, D.Sc., F.R.S., of Trinity College, Cam- 

bridge, for his development of the mass-spectrograph and his 

studies of isotopes. 

C. Eijkman, M.D., of the University of Utrecht, for his re- 

searches on dietary diseases. 

Arthur Louis Day, Ph.D., Sc.D., Director of the Geophysical 

Laboratory of the Carnegie Institution of Washington, for his 

researches on optical glass. 

Stated General Meeting, April 19, 20, and 21, 1923. 

Thursday Afternoon, April 19. 

Hampton L. Carson, M.A., LL.D., Vice-President, in the Chair. 

Dr. Charles H. Haskins, a recently elected member, subscribed the 

Laws and was admitted into the Society. 



MINUTES. Vv 

The following papers were read: 

“ Prehistoric Misnomers,” by Edwin Swift Balch, of Philadel- 

phia. 

“The Place of Spain in the History of Medieval Science,” by 

Charles H. Haskins, A.M., Ph.D., Litt.D., LL.D., Gurney 
Professor of History and Political Science, Harvard Uni- 

versity. 

“ Some Admiralty Cases Relative to British and American Com- 

merce,” by William E. Lingelbach, B.A., Ph.D., Professor of 

Modern European History, University of Pennsylvania, which 

was discussed by Messrs. Carson and Rawle. 

“ Methods and Results of Beach Reclamation on Alluvial Coasts,” 

by Lewis M. Haupt, A.M., Sc.D., LL.D., of Philadelphia. 

Friday, April 20. 

Executive Session, 10 o’clock. 

WituiaM B. Scorr, Se.D., LL.D., President, in the Chair. 

Benjamin M. Duggar, Robert DeCourcy Ward, and Henry S. 

Washington, recently elected members, subscribed the Laws and were 

admitted into the Society. 

The President made his annual address. 

The Proceedings of the Council were submitted, with the recom- 

mendation of fifteen nominees for election this year. 

The Report of the Treasurer, of the Audit Committee, and of the 

Finance Committee were presented, with the latter’s recommendation 

of appropriations for the year 1924, which were unanimously voted. 

. Morning Session, 10:30 o'clock. 

Wituiam B. Scort, Sc.D., LL.D., President, in the Chair. 

The following papers were read: 

“The New Millionth Map of Hispanic America,” by Isaiah Bow- 

man, B.S., Ph.D., Director of the American Geographical So- 

ciety, which was discussed by Prof. Scott. 

“ Description of the Yale Automatic Zenith Camera,” by Frank 
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Schlesinger, B.S., M.A., Professor of Astronomy and Director 

of the Yale University Observatory, and J. H. Oort, Research 

Assistant. 

“Some Applications of Heaviside’s Operational Methods,” by 

E. P. Adams, M.S., Ph.D., Professor of Physics, Princeton 

University, which was discussed by Prof. Kennelly. 

“Some Results Obtained by the Crocker Eclipse Expeditions 

from. the Lick Observatory,” by W. W. Campbell, Sc.D., 

LL.D., of the Lick Observatory, which was discussed by Pro- 

fessors Miller and Russell. 

“ Discussion of a Kinetic Theory of Gravitation, II, and Some 

New Experiments in Gravitation, Third Paper,” by Charles F. 

Brush, Ph.D., Sc.D., LL.D., of Cleveland. 

“ Crucial Proof of the Transmutation of Atoms in the Wichita 

Meteorite.” 

“ Discovery of the Element of Atomic Number 72,” by Monroe 

B. Snyder, Director Emeritus of the Philadelphia Observa- 

tory. 

“ The Chemical Analysis of Minerals,” by Henry S. Washington, 

A.M., Ph.D., Geophysical Laboratory, Washington, which was 

discussed by Professors Hobbs and Scott. 

Afternoon Session, 2 o'clock. 

WittrAM B. Scort, Sc.D., LL.D., President, in the Chair. 

The following papers were read: 

“Infra-red Spectroscopy,” by Harrison M. Randall, Ph.D., Pro- 

fessor of Physics and Director of the Physical Laboratory, 

University of Michigan. 

“ Utilization of Surplus Explosives and Explosives’ Wastes,” by 

Charles E. Munroe, Ph.D., LL.D., Professor Emeritus of 

Chemistry, George Washington University, and Spencer P. 

Howell, which was discussed by Dr. Washington. 

“The Explorations of the American Museum of Natural His- 

tory in China and Mongolia,’ by Henry Fairfield Osborn, 

Sc.D., Ph.D., LL.D., Research Professor of Zoology, Colum- 
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_bia_ University, and President of the American Museum of 

Natural History, New York City, which was discussed by 

Professor Scott. 

“The Rate of Movement in Vertical Earth Adjustments Con- 

nected with the Growth of Mountains,” by William H. Hobbs, 

A.M., Ph.D., Director of the Geological Laboratory, Univer- 

sity of Michigan, which was discussed by Professor Scott. 

“Contact Metamorphism in the Western Adirondacks,” by Wil- 

liam M. Agar, B.S., Princeton University. (Introduced by 

Professor Scott.) 

“The Stratigraphy of the White River Beds of South Dakota,” 

by H. R. Wanless, of Princeton. (Introduced by Professor 

Scott.) 

““* Indian Summer’ as a Characteristic Weather Type of the 

Eastern United States,” by Robert de C. Ward, A.M., Pro- 

fessor of Climatology, Harvard University. 

“Some Recent Experiments on the Physiological Action of 

Germanium Dioxide,” by John H. Miller, Ph.D., Professor of 

Chemistry, University of Pennsylvania, which was discussed 

by Professors Kennelly, Scott, and Ward. (Introduced by 

Dr. Keller.) 

“The Significance of the Gall Bladder,’ by Philip McMaster, 

M.D., of the Rockefeller Institute of New York. (Intro- 

duced by Dr. Abbott.) 

“The Significance of the Histological Lesions of Rheumatic 

Fever,” by Homer F. Swift, M.D., of the Hospital of Rocke- 

feller Institute, New York. (Introduced by Dr. Abbott.) 

“ Methods of Immunizing Cattle to Rinderpest,” by Edward L. 

Bliss, M.D., of Shaowu, China. (Introduced by Mr. Harold 

Goodwin. ) 

The Friday evening Lecture was given by Dr. Henry Norris 

Russell, of Princeton, who spoke on “ Stars and Atoms,” illustrated 

by lantern slides. 
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Saturday, April 21. 

Executive Session, 10 o’clock. 

Wu B. Scort, Sc.D., LL.D., President, in the Chair. 

Pending nominations for Officers and Members were read and 

the Society proceeded to an election. The Tellers subsequently re- 

ported that the following had been elected: 

President. 

William B. Scott. . 

Vice-Presidents. 

Hampton L. Carson, 

Henry Fairfield Osborn, 

W. W. Campbell. 

Secretaries. 

Arthur W. Goodspeed, 

Harry F. Keller, 

John A. Miller. 

Curator. 

William P. Wilson. 

Treasurer. 

Eli Kirk Price. 

Councillors. 

(To serve for 3 years.) 

John C. Merriam, 

James H. Breasted, 

Ambrose Swasey, 

Henry G. Bryant. 
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= Members. 

Frank Aydelotte, A.M., Litt.D., Swarthmore, Pa. 

Edward Asabel Birge, Ph.D., Sc.D., LL.D., Madison, Wis. 

Isaiah Bowman, Ph.D., New York. 

Carl Darling Buck, Ph.D., Litt.D., Chicago. 

Karl T. Compton, Ph.D., Princeton. 

Herbert Ernest Gregory, Ph.D., New Haven. 

Charles Downer Hazen, Ph.D., Litt.D., New York. 

Phoebus A. Levene, M.D., New York. 

George Perkins Merrill, Ph.D., Washington. 

Samuel Alfred Mitchell, Ph.D., Charlottesville. 

Richard Bishop Moore, D.Sc., Washington. 

William John Sinclair, Ph.D., Princeton. 

Vilhjalmur Stefansson, New York. 

Rodney H. True, Ph.D., Philadelphia. 

Thomas Wayland Vaughan, Ph.D., Washington. 

Morning Session, 10 o'clock. 

Wurm B. Scott, Sc.D., LL.D., President, in the Chair. 

The following papers were read: 

“ Physical Aspects of the Recent Analysis of the Earth’s Mag- 

netic Field,” by Louis A. Bauer, C.E., M.S., Ph.D., D.5¢5 

Director, Dept. of Terrestrial Magnetism, Carnegie Institution 

of Washington. 

“ Some Effects of the Removal of the Thyroid Apparatus on the 

Growth of the Nervous System,” by F. S. Hammett, Ph.D., 

Asst. Professor of Biochemistry, Wistar Institute, which was 

discussed by Professors Kennelly, Osborn, and Hammett. 

(Introduced by Dr. Donaldson.) 

“The Mechanism of the Biological Effect of Rays,’ by W. T. 

Bovie, Ph.D., Research Fellow, Cancer Commission, and Asst. 

Professor of Biophysics, Harvard University (introduced by 

Dr. McClung), which was discussed by Professors Osborn 

and Conklin. 
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“ The Origin and Distribution of the Doradide, a South Ameri- 

can Family of Catfishes,’ by C. H. Eigenmann, Ph.D., Dean 

of the Graduate School and Professor of Zodlogy, University 

of Indiana. 

“ Permeability and Increase of Volume of Contents of Living 

and Artificial Cells,’ by D. T. MacDougall, A.M., Ph.D., 

LL.D., Director of the Dept. of Botanical Research of the 

Carnegie Institution, Tucson, Arizona, which was discussed 

by Professor Scott. 

“Indications Respecting the Nature of the Infective Particles 
in the Mosaic Disease of Tobacco,” by B. M. Duggar, Ph.D., 

Research Professor, Missouri Botanical Garden, which was 

discussed by Professors Bovie and Duggar. 

“Experimental Production of Mutant Types in the Jimson 

Weed,” by Albert F. Blakeslee, Ph.D., Department of Ge- 

netics, Carnegie Institution of Washington. (Introduced by 

Dr. Shull.) | 

“ Sterile and Fertile Species Hybrids in Shepherd’s Purse,” by 

George H. Shull, Ph.D., Professor of Botany and Genetics, 

Princeton University. 

Afternoon Session, 2 o'clock. 

HENRY FAIRFIELD Ossporn, Ph.D., LL.D., Vice-President, in the 

Chair. 

The following papers were read: 

“Hebe and Ganymede,” by Paul Haupt, Ph.D., LID. Fae 

fessor of Semitic Languages, Johns Hopkins University. 

Symposium on “ The Inheritance of Acquired Characters.” 

“ Historical Sketch,” by William B. Scott, Sc.D., LL.D., Pro- 

fessor of Geology; Princeton University. 

“ Germ Cell and Serological Influences,” by M. F. Guyer, Ph.D., 

Professor of Geology, University of Wisconsin, which was 

discussed by Professors Conklin and Guyer. (Introduced by 

Dr. McClung.) 
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Are the Effects of Long Continued Rotation Inherited?” by 

J. A. Detlefsen, Sc.D., Professor of Genetics, Wistar Insti- 

tute, Philadelphia. (Introduced by Dr. Greenman.) 

“ Modifications of the Albino Rat, following Treatment with 

Alcohol Fumes and X-Rays; and the Problem of Their In- 

heritance,” by Frank B. Hanson, Ph.D., Professor of Zodlogy, 

Washington University, St. Louis, Mo. (Introduced by Dr. 

McClung.) 

“ Chemical and Physical Effects on Germ Cells and the Trans- 

mission of Modifications,” by Charles R. Stockard, Ph.D., 

Se.D., Professor of Anatomy, Cornell University. (Intro- 

duced by Dr. Donaldson.) 

The Symposium was discussed by Professor Scott. 

Stated Meeting, November 2, 1923. 

-~Wittiam B. Scott, Sc.D., LL.D., President, in the Chair. 

_ Dr. Frank Aydelotte and Dr. Richard B. Moore, newly elected 

members, subscribed the Laws and were admitted into the Society. 

Acceptances of membership were received from Doctors Frank 

Aydelotte, E. A. Birge, Isaiah Bowman, Carl D. Buck, Karl T. 

Compton, Herbert E. Gregory, Charles Downer Hazen, P. A. 

Levene, George F. Merrill, Samuel A. Mitchell, Richard B. Moore, 

William J. Sinclair, Vilhjalmur Stefansson, Rodney H. True, and 

T. Wayland Vaughan. 

The Secretaries announced the receipt of $436.87, the Society’s 

share in the distribution of the bequest of the late Martin G. Boyé; 

it was voted that this amount be added to the principal of the pre- 

vious gift by Professor Boyé, the income of which is used for the 

purchase of books on chemistry. 

Decease was announced of the following members: 

George L. Goodale, A.B., M.D., LL.D., at Cambridge, Mass., 

on April 12, 1923. <Aet. 84. 

Raphael Pumpelly, D.Sc., on August 10, 1923. Aet. 86. 

Charles D. Sigsbee, U. S. N., at New York, on July 19, 1923. 

Aet. 77. 



xii MINUTES. 

Stephen Paschall Sharples, B.S., M.S., at Deer Island, Maine, 

on August 20, 1923. Aet. 81. 

Charles P. Steinmetz, Ph.D., at Schenectady, N. Y., on Octo- 

ber 26, 1923. Aet. 58. 

Hon. Mayer Sulzberger, M.A., LL.D., D.H.L., at Philadelphia, 

on April 20, 1923. Aet. 80. 

William Roscoe Thayer, A.M., LL.D., Litt. D., L.H.D.:, at Cam- 

bridge, Mass., on Secteumer 7, 1923. Aet. 64. 

Arthur Gordon Webster, Ph.D., Sc.D., at Worcester, Mass., on 

May 15, 1923. Aet. 60. 

Dr. Richard B. Moore, late Chief Chemist of the U. S. Bureau 
of Mines, read a paper on “ Helium,” illustrated by lantern slides. 

Stated Meeting, December 7, 1923. 

Wu1am B. Scort, Sc.D., LL.D., President, in the Chair. 

The decease was announced of James Cheston Morris, MD., at 

West Chester, Pa., on November 29, 1923. Aet. 92. 

Dr. Frank Aydelotte, President of Swarthmore College, read a 

paper on “ Anglo-American Educational Relations.” 
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